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ULS>*J Ui&jStA 



Y- SjjJLlI ^j2j 



^ w 








(^yic ajjLUI 4_ijjJ,l 4jlUjJI jjlj^aJI (JjjkLl! (jylg-tl 1-jJjJlIIIj (jyJ-flJI p-il*lL? LaLtll 4 iriiiiji,! ^ 1 1 n" 



CjL$i>.jILU A^e_uJ aLaTufczl IJlA ^LlJ 4 jj-a-*-!! JJ|j-<-u 4r 2^^1'J.I 4ji^t,lj 4_l1A]Ij 'Lu-STJ! l_ajLiijJI JJt-iIu 
<JJ>jlj-a (_yic Lul j J-iTLt-i (J aL^SLLa (j-Laj - i ^ >1 ^l J^* 1 - 1 4^ p-*-" ^_ < 1 1 .aj (_jJ-ll ^jla^JI I Jl4> ioL9 (jjJ ^j-* 3 S JuJ . nil 
(Jjju (J 1 <aj 1 t (^gj-a-uJI aJlSHII 4 Lg&£ j*-^ 4r- L ^ J 'J 0" ' "^ ' (J*"' (j-* 3 (jLa-i^lj /<JL«JLi tt 1 1 all 4_il_ui isjJ9 Lr^-J 

■ Lg.1 ii^i LaJLSlU JjjJI t-fll uaj JLtJ 4ill 

4 a J 2j II 4-JjjJI <_)jL^ej]l *_a (j fljj 4_uL>ijj aaiaji tc_aLLI! ^j^U'ia p^.p .^.".t 4_aL*J! Sjlj 2 I 1 " ■ La -^ JiJ9j 
4jI ua_uaj>o a'al^-. « J_4jl]I Jjj-i^ il)l JLLalLa j^aUo 4j_)Jl>- 4_LaJLc L_<_JL_ul Jj^j ' 4_j_ujJl.'JI Tcal^dl s.l_L) A_ 
«J_l£=jJI (Jila-i i^jJI 4-1iL3j.II 4-il^.U j-uLiil jIJlC.1 pjj-ifiva £_ fljIaJJI <>ju4> C<J!l<j Jj9j 1 4jI ALalLa (_j-JjJ 
tjj) 1 11 Jlla-l ^ La ua> ' (jL>J J^^~" ' '"'" (jr^- L^"- 1 4r J- u '-*-^' -^'^ ^j < 4_ujj JlJ I ?c_al^JI *l_b A_ 4_u_uL_ujl 
(_£Jl!I ^La-til j-^l^il *-a 4-La-ltJI 4jJjJI Jj^ljjj da>J <jA4^' VdJ^'j 'intl p-lUTlU ilaLtll 4 irunjJLlj J-a-tJI 
j '^— >| ^—ljjJlj py-aljjjj 4 1 aL^alLa iSjJaJj 4jL^1II ^_ (jLitill <>Ju4> r-j^ejJ t^a-tJI 3j-" '** ''^"'^ 4-iisjjjj 

. <i_L<_uL_u 2 I d'il ilU", a JjjJL>i_! ^_ 4_L5Lfll 9 J '^— >| J 4 JjUlII (jj I 11 \ I'^ll » --»**« T 1 

CjLjJL^slU CjI i ^~'j aa CjL^=j^ta /o 1 n^ ^-jjjiji Y 3jJl2JI J^j 4_ujjJJ1II 4_i t lL>JI <>Jui> (JjLlIjj 

j^l «dJI (j^a (J^aG 4_ljjjJljJI 4_txL>JI iJjub lILiJlJ jj 11 - 1 ^-«^iJ (jr^J Tt-ALlil j_>jiajj ^j-a LaHl LaLsJI 2jl J^flj 
1 JlxSjlIII j^)- jJ->»J ' La 1 •■ ■" (_)jJLj/I_i ( Laj^UI 4jjjjjJaJI CjljL^i,! (Jj-i-a G ^_ j.jo/Ll>s J^-* '"' ' p j 1 •■"' (jl (J^-J 

.CjIjL^JLI oJJt, 11I. ,.",^^1 4_tLi£. (<UU3 (jP-II (J^ 3 iSiVIj dll a-uialilj 4Jl t" 1 n^Lij 

JiZeja * j a 1 11 4Jl (ijLi-is^Jj 4-uvj Li L$-La ^j ' LLflj 1 all 9 LfcjIjLcl (JLc- (j-LajL5JI j^J- 1 O' (J I ' " ' *Lljlj 

.*L^jJI 



w-ALLJLI jji^Iajj A-Lg lolj! A^jLjlII 3jI^VI 







tj^yic lj-iLJ9 jj^~~ '"' «Jl>-jJI ojufc J-t^~" '"' LoJla.1 

.^y^aojLajJj^l A^sj^kJI JSLj J^L>- ejjLdJI jL<-"-« ijuLla .V 
.4_i^ =1 _uLjjjj^I <£=a j^tl JJ9I3J (j-a A^ibjeJH f l^aJ^M 4JjLLa .0 

:3d£L4l JjL^JI 

:3jlJL^IuLUkx4 

(^g \l«tl j ,^tlj jj^ajLSJI (JLLici 7-^L-alj ^j-^^- ''■"'.' 4j^>L>JI cjIjL^JLI (^yic ujjJuJI Jl rlTcvj . ^ 
.tiJj^>J,l (JLLici 7-^Li-alj (_^ajitjfujj 4j^>L>JI CjIjL^JJ (^yic ujjjtlll J J rlTcvj .Y 

4Ua-Lmx!l Lubp-^sJI JLLaC^I ^-^L-alj J^J^-".' <LuaL>JI CjljLgil ( _ ;r Ll <_ijju]| Jl rlTcvJ .Y 




^.5* 



jjjJ! *_£aUJtl 



.c^ irT>p II 1 1 1) n i Hi] -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 




(Y)3>i2}IJ2i 



4^=j^>Jl Jjlj L_>lj( >iL-u ! 







<>LL<-uj.} (j| Jjj-<-u (^JJIj (_^jJljJI (jj/j^pJI ijj^-"^ *'^l 4-mAj j_4> (jr ^=i_uLajjj2 I (jj/j_pJI ^J^-"^ *'-*' 
.Li^aLjjLajjjl puJ ^j-^ )l aJI ^j^j>o jl CjUI^ i aJl j-i-iaj (j| ^_ ^j -i^~~' ' i_3^ii>-^i I (j-^aJa ) 2jJJ9 (J-2-> JO-^ 3 4r- 
J -t^* (j-a ^1 i ntl fj-fl^J LiUj (j2 (jr ^=LjjLajjj2l 4^=j^>JI <JJ9lJ aJlst" i n" (jVI 4!uJlj»JI d) L ^— j 1 1 p La ♦ a '<* 

( _ 3 -4> 4 ' ^— > < 1 1 JljLJS «Lt3 p ^— » ->" ' /jJ-I' s-lj^>-2l -- ■ i iaja 4^=3j^>JI (JJLi aj^>-| ^_ jlj_iis| ^j^a Lg-Lc (_<3pJ JiJ9 Laj 

I aliel! ji ^La^U Lai 4 j ^— j 1 1 4^=j^>J j_uJuJ I L^iC ji 4jlsIjj ^jjjJjJI 4jjjIj.} 

.^jj/j_pJI gj-ufgJtJ J-JJJU j'j *—^~J <j^"' *" (J J* '""' s-LiJJ '^t-UJ (jjl i ntl .}L^>.| jj_a JISj ♦$► 

.4^=j^>JI i_3j)j_LaJ 4_Ljj/l_m <Ulj_i_aU Li^=3_uLajJjl 4 ^j j i u ' ^jj/J_pJI (jj utsU yjULtH puJ ♦$► 

(j iij la .Li^aLjJjjjL.uii I -i J '--♦ ' (j^J—uajj I -i j m i»L--l>- < 4 ^-»j *- 1 I (J_5j aj_^>.|j i_l!j_>Jkl Jj^so o^Ljj ^^^^Lj ♦$► 

.(a}-*-!' (J^ta (JM->- (j-a) .l^"""*, ^"""'.l" 

<JLuU>3jtf I ^5 vbJ I J2LJ uuSO 

(jj/j_p_!l 4_cj_«_3t/jj aJ_*JI (Jj_^a ( jr - 4> 4 j "m\? t ^ J '^^ > -J Cj^Lj ^j_a ■ ^- ljjI ^j"jVI 4 ^— >j -- 1 1 (J-SIJ ' < ^~^;" ' 
CjIJlj>.jJI <>Jl_4> ^j-^ « ) J^ ua-flJ I **^-» <; i Jl^j ^ - ^ J^— » ui j La 11 j—^sljJ Jj Jlo-J I p ^~" LSellll «Jl>-jj ^^ '^~'J^~' 

(^jj/j^>JI ) j^j-*-!' (J^a^ta ^jTuvj ^_pJI 4_usLa2l Sj La-LaJI a (aj^>JI ) 4^1^ mJI ^jjtli^s p i n^>. - 

j»j-»J! J^a^^a - (jr ^3_iJjjJ_ijJI (jiajLUI 

,Ji«-jJI Jij^£. 

C^jjJI 4 -»-,>. a 

4 j i ^— ^ ia ' r — i 1 1 ^jjj^jjl 2jL>-_a 

^^■^jtjjji-i-il p^— i-^lJI «Jl>.j 

4jjJljJI Cj^LllojIlII - 













■ aJ >JI *><»*> II 



(■lW J>=« 



Ji-jJI jj_»£. 



■^— M^~ ■ 'I ^j-u^^l tLC^-^Jt^ 



UJI<_aM_iJI 




(1 a\ ^ ,s->\\ 



&j^u S >* 






((jj/j^>Jl ) aJ_*JI (Jj-rca (_^jjj>o /jJ-Il 4_L«La2l Sj La-LSJ I a (,aj^>Jl ) (_^=i_u La jj J 2 1 <L^=j^>Jl <JJ9u /<u-aj*. « * i ^- ' 

I -i j ' I ^~~* J I -1 j '-•*'♦ ' *— « (j"*-"-" ' ' *\ ' ' "JJ ^~ ^ J^"""* ■"■ j La )| .^j_ila^aJ 2 1 (Jia ' ' a j""^ (j^-*- 6 (_y° Ai ~~"Ji ' ' " Cy° 

•(Ji* '"'"'" (j-" 2jL>Jl CjljljJLifc^LJ 4^e_uJ j i ■<^-»lt cUijJU ^j^a (Jl2jj ^-uLSeJJ 3j^ /— LaJLJ I JlAj Jl>-Ij *j^>- 




(Jj^ta AJjILrca (^jjjj^>J| ) 4_usLa2l "j La-IUll Y~ \ J^— > ■ 







J^jJI Ja^aX. - T 
^ j i ^-» j *— » I 1 (jjjj_pJI icj^j^a ^_ 4-allie 1 1 s-LiicVI J I ^j-*-!' (J_j^ta {_ys sjjJiJI <J-2-<-i (_£Jl!I J-&J 

(J^alj-flJI <LLaj_ii|j jj'j^^' (jr^ 1 J-"'-^^ 1 4-uaL>JI (jt-^J 

4 j '^— J^~ ' II o-y-"' «Jl».j - A 

4 U^., „ ,tl 4 j . ^—■j ^-» 1 1 ^jj/j_pJI 2Jl>-j (ja^auja .<L^=j^>JI <JJ9LJ 4_iic (Ji>-I J 4 J ■ ^~~*J ^~* 1 1 (_>"_2>^ » Jl>-j ( 1 ^— >j " 

.^jj/J^jJI <Jjt»J (J^oL^ *_a 4 j j ^~~tj ^~~t a^-L t .i ^i (J-"_5^_J (jr^*" 0""^H_3 L? ' " <t '"' L>tJ^ Lh* 

(_,^--|jljjjL-^JI ffl^-Tfclll SjU>-J ~ V 

■ ^-» -i ^jj J j J I JaJi tJaJl jJj-J cy^'j ' < — *d>^' ** "^ k a ( —*d>-^ O'j-*" (j-* 3 Ly^^rrJU' '- f p*^"* "*•"'" »Jl>-j ,jj^~~ '"'"' 
(Jl 4 ^— > j -- 1 1 (J-JsLJ (JjLuj (J-cisjj (_yJ-5' ' (— 4-iulj (JjI i ntl Cjljj^j-a jl 4 A !"-»■« cJijLksj Li 4 iil"-»-a CjLaL«j-i5j t 

4jjJllI| c2j}Lu-aj2ll - A 
.j'- ♦ ' -}j-^>-J *j— I I JlJj ( Li^a-uLajJjl J^ 1 •■* J I ■ Lg * Jjj Mit'itu -^— LJJl ^j"jVI 4 ^— >j -- 1 1 (J_3u aj_ 5j 

.(_3jL>JIj pjl i n"itl 4jj/IjJ tilIjL^=j jLll>. 2 1 I '^-« ) 4j^sL>JI /,-iliJ AjjJljJI Cj^Lllo^H]! 

(J-al^jlII iLaj-tulj (_pij|^2JI £ys icj^a^a - ^ 
4 j 1 ^~'J ^~~' 1 1 j^yjjjlii\ icjji^a «.L«iiCl Jl>-^( I jl '-^ a jl 4^=j^>JI (Jjj^sjjj AJ-23 ^_jJ-I' (_y^>J 

4^=JJ>J| Jill! ^yilJJl ^-LI,L>J| - ^ * 







4_uiL>JI 4iL^ i n It 2&L_jJ=> 2I 7-1 "iiioj 4X.^_uuU /- i njl-iLLt.U ^La—uaJt (JJLo 4 jjl 'j j<^-» tl Cjlj—L^eliJI ,j^ ♦ ' dJl—ufc 
j^y-ij^^aJI jL^iJI (JjJ-aj f-Lq-i CjIjJLi -Sjlj-a (_^=i-uLaj3j2l 4^=j^>JI (JJ9u (jl jj .(—aJL^oJI (Jjt (""it *_Ltl aLj-i^sj 
(_yAj l(jlj* nil JL»- 4j£=jJ,I Jj I La *" V <j^>- (D,1,2,R) Jlus f-Lisj^l ( _ ;r Ll JjjAaIII ^ jj^ 1 — "' LaJtl£. I aimi! 

1 dJji^aj 1 ta a£ (P>N) (j-LtiisjJI Jl»-Li (jj Mit'tl Jj jj^— " Lajtlc J_«j<JL) i aJ mi! tt <i i njj 4-Lil nitl S-Lij^/I £- 

■4_LflL>JI ke.j 1 iA\ cjLaLii^= (J-l« mi"! (R) ^_ 4-t.Loj jtic jj_uiuLiJI fljj (j-« <-;-*d>^ r"l""^ a tiJLlA 

.((jl -}j-^=l!I -ij-4-C ) sjl-i^l Jj-<3-C J J (j-uj^p-tl <Lc.j_4JXja (j-o ^Jj-^il f'j-' 1 (J^-y L5^' 3-^3 

' I ^^~^"" J c\^— 1 II p j Atl ^Ic Cjl_L<_uL_u 2 I 0_L& LJJjLg.1 I n"t l_9j^_u .4^=3J_>JI JjL) CjLluLuI (J a » ' t _p3J t"l ( n < (j| 

p Lg Cim iiiL^uIj (_j-uj_p.Il 1 a La '"j a Cjn mL-u2tl <?J & /-^sljjI ojjj 2I CjLcj uA\ J^oLt_Lo j ^ 4_jj_ksjj 

jj-CJ L$-> ■* ^3j *- ? I <J-2-i 4_uLi^=3j L^cIjjI <^.._l>- (j_/0 4_aui ^jj/j^LII (_^jI uaa. r- > t"i ) IJl-u 1_LcJ (j^f I 
^ujp_!l 4 -i la ' I (JT -i^- 1— 3j— till lLUJl^sJ 4 A I" -V 1 1 ( _jiaj_ArtliJ I I- r ml s ~-.ll J L> u 3J-'~ A ' ' " ' ^- 1 ^ > <- 1 d J^J'^"' 













Gears Qujjti\ 

j^jju-us (_£Z (Jjj\—uj2\ ^ Aa .CjIjm i ntl ^_ 4 ^— > j -- 1 1 (J_2jJ Lai Jiir" i nlj Lcaj-iu j <^-»VI ^jjjj^pj I j_lL*j 
(jj/j^pJI aLLsj (Jiu3 LaLa-i ^j-^* J I I j uaji ■ ) *> La '"j a ^jj/j_pJI 0-)L^= I jl I La a uaj»a /-^sljjI aajaf jl i_£jJ^J (J-«J>3 

4-^a i^jJI J2J IL. 4_lILc 2*Li^3 - ^ 

QJa-Laiellll i.mi) ^_ x_ml_a jLta LJ - Y 

4JLi LaJI 4 l(j i n _ V 

i ^ I", -»■ ^ a^Cj 2^_LtLa A£.j-uj (_yic U J ' a **" ** *j 4 ' " ~ ' 

£j\ Al",-»^ (ly^jj" ' " a Ar l." ' N J 1 ^ (j"*-> < ^ = w h >1 ^' (_J-S-1J 4Ja j i u ' 1 Lta )| aJlJt" i n"< ~ 

(jljjjJI i>L>JI (j "^— • g 4 !a j i u - *\ 

Gears types ^jjtflfcliii 

Spur Gears 4_tj_*J| <jl_u-u^l oli 4Lu^aJ a _ 1 _ u ^M (juijpJI 

J-4>J X~ \ J^— » iSJI ^_ Tc—iislj j_4> I o^-* 4_a_ulL<_ail J I aJJulII 4, i i ntl jj ^jjyjjl ^ajfc ^jj;J_pJI plj-ll da-m )| (j! 
0j_A /tLjjI (*-^J3 O^!^ - ^ jj -vt, 4_jjl^a ^jl i i uz] iJjLjbj ^jl i i n 2 I (j-a 4_£^a_a^ta «U^>-J (_^a^J9 0j\ 4 Ls&£ ^j£. 2jLlC 
l_£jj.i ^^^-Lre-La jl Involute Cja-jJLflJl ^—-Lre-La 4_liA /^-Ll 2-iLc 4 i i ntl J^— > ■"■ (jj_^=ajj > . njj 4Ja^ ■ ■■ ) ^jj/j^pJI 

.Cycloid 










^jjj_pj| jj^ta *_a ujl^La La-il-i .jj^"""* ' 













Helical Gears iljLU (jLi^Vl ol J A-ul^I — VI o-jpJI 

(Jj_^=lj (j| ^j_^=L<jjj jjj^j-II j j -»-a /- L: 4_»-jJ A * - Y * j j_ a Lfej I J <La 4_jjlj_) (jLLu/ 21 <>Jl-i4> (J—La-i JlJ9j 




G EAR AXIS 
(CENTERLINE) 



L>"J 



jj^jJI J_a-»-a *-a ^di'j '- a ^'- i Jl»-I-J aJLjLXI ^jjjj_pJI ^_ 4 i 1 nil J^— > ■"■ i~ \ J^""* ■"■ 

External And Internal Gears Xd^ldJI <xjjttij ^U^jLaJI j*jiJUl 

,-,l^_ *, I jj L^j 4_l»-jL>JI ^yjj^Jl ^0 , ,ij 4_JL>J| olL-ifc IL_j ^j-^j ail ( _ ;r >-jL>JI ge-La uA\ ^-i^ (_£i rjL>J! jj-a 
J^— » ■"■" ' Tciislj j^k I -i^- 1 (_L>-l jJI jjjj^jJI j I ■ al>JI ^jjj^llu <UL>JI <>Jl4> ^_ /, a ' n"< (Ji>-l JlII <j-a ^jj^jJI (jLLu/l 
4_IJlC tj\ '1 1 nLi J ^— > ifuJ (jl l_aj (jr -£3 (^y^-jl ->1l (jjjp_II tj\ '( 1 .it 4 j iSiJ (^yli'.l jJI (jjyj-II £_ tj\ '1 1 nVlj 0- ^ 
(^jj^lll JJ^><-1 4 1 1 nitL) 4jjlj J^— > ■"■" ) 4jjLa 4_uj)j_L>. 4-llA (_ylc _jl (^jjj^lll JJ^>>-1 Sjjl 4j« ) * l^"""" 
i?l_-vjl j"<' ^_ ^j ^-1" ,y>-jL>JI ^jjj^jJI 4 ^— >j > (jl-3 /, aL>Jl jjjj^jJI *_a j_y>.jL>JI (jjyjJI Jj i"it < LaJ^Lcj 
(jl_L>-jL>. (jl_u/^3 Li!l_ak (j a ' : — 1 ) LaJ^_Lcj . - ^ J^— » igJI ) 7c_iisj^a j ^ I a^39 (_yi>-l JlJI ^jjj^jJLI 4 ^— >j -- 1 1 
>- VI (jjjpJI (j "^— ■ C jj^~~ '"' 4^=j^>JI jjLa *\~ ^ J^— > ifuJI i^_ I -i^-— 1 a^juaju )«_a (jliLfoJua 



JjVlJuil! 











INTERNAL 
RING GEAR 



(jr^J 



LkJI 



^ 



lK 



u>ui (3^-" 



JUC 



1 J^- 



ijLso zl (j-oAj 4r oL)J^ (j-t-i-upJIj (jr 5JL>JI (j^pJI *_a 




Gear Ratio s qu$$1 I u«J 

jjjj^jJI <UL^ i ii 4 q iii^ ^j_C SjLlC ^jj/J^pJI 4 i i ii) (jj_^=3iJJ j^>- VI jjjj_pJI J-lJ^J «LJLS (J-"J-J JJ^-> LaJ^J^. 

(jl_^= liLa .(j^pJI (jLlij/i jjlc (jr Lc. jL2iil <j-upJI <jl-u-ul ->Jlc <i « <» q (jy jfc ji jL2iil (j-upJI 4-c-j-"-" <JLc- JljLSJI 

<Lcj_i_u (_gjl i ill <Jj2 ' ^jjj^III <Lcj_i_u (jLa (jLLm^l JJlC (j " a * 'j jLu^l (jgLa-Ll I a g i: -« ' x_a (jLa-ujjui (jL_u_p i_l!l_ak 
(J_2j n j a-£ (jL3 ■* ^-— j *- 1 1 (J-5j «j^>-l_i J"'*''j^ j( I a i-l!j_>JkL) J i -^"i" ^jjjj_pJI oJlA Jl>.| (jL^= Ijj (_y-L*-*J V 











^: ) ^jj/J^pJI 4 I ( n \ V - ^ J^— » ■"■ 







^:T 



O" 



ij_pj| 4_i 



DRIVE 



^ J^L, 



Gear Reduction (kcjuuA\ ^^^a^") ^jpll jjia.uiio <-(.mJ 

la 2jJ-S JJ^-> <— 3j-<-u -ii— 2-UI (j-up-Jl Lia-Lu dilj._a Cj^Lj jjJ^-i ' a J ' " J '* "^ JljLSJI ^jjj^xJI < ~ 



4_i_t_uj o 



iiJliiJI ji 4_uliJ| ^g.j MitL LJjLULi Sj-u ^— Jj^l ^^ aielll 4 j . uj jj^-— " cjljl-mJI IL.j .( jUiiU ) rj^il 

^LlLa <lILILlII <U1j i ntlj \ : Y 4_uL!lII .j'-^*-"" 4nnl j|j^— <"j ^ :T jjj^~~ '" Jj^l O^i^'^'"' 4-U.uJ (jLa (JlLi^=J 

<L«jlJLa 2j_J9 Jius ojl j i aj| «Lj>-Ijj (j\ £j ^-» i ' (JJ-Jl CjLajLaiLl i La '"j a dlUl^ mJl Jjjjii^is ^_ Cj Lia_iAitIlJ I ^Jl£. 
(JJLa tip i*ii (_£l j^>- 4_ajLiLa 2j_J9 jl CjljjL^e_Ltl Jj-t-LO 4_ajLiLa 2j-J9 t jjl— reTi.Il jl ,J_l3ejl1II 4_ajlJLa ( r-jj>-jJLjl 
<_1LJJl^=j ajn i ntl 4-ul j i n <lj J^— > ■"■ ) 4_La_uj_a ^ tb (_j!lJlj (lLLoLLOjjj-iJ ) s-lj-JI <L«jlJLa 2jJ9 jl (jLSj^aJl 

.TCjjJI <LC^_l_uJ flJM ( n II <LC^_l_uJ fljn ( n II 4_ajJli "*_ * ' ' <^>.l mil 













Overdrive ^j-lJIj^ 

^j_a pj_i_u| " S-Ul jjjj^jJI ^j ^— » ' LoJl-lC CjJljSO I Jl-i4>J <Ulj_<_a]l .j^ -^*- ■ (j •■ ^—^ (--& 'Lc.J intl Jjj-^ 

(j-a dljjji Cj>Lj <_L=l! a Jl^Ij SjjJi JljLUI (j-up-II jl J lil liJJJ JLlaj 'V - ^ J^ <fgJ I jiaJl JuLUI (j-upJI 

■Jjt.V.tl 

















Planetary Gear Systems ( < U &lflJI ) "4jj.S£}\ j«j>ll A&jl 

jjjjj_pJI 4_cj_«_3t/j (Jj_^=ojj /— ^= ljjI aaJjl 4 ^—■j a. (J-J9u ;_£2 ( ■ bill /- A j.jILt3 4 j ■ ^~~ , j~ ' : ~~' 1 1 (j-uj_p-JI <Lcj_«3JJt/j 

Sun gear Ur xj^AA\ L y>jjl\ - \ 

Internal ring gear Cy laJ jJI jl ^2i^\ L yuyi\ - Y 

Planet carrier <Lu^3j^aJI (_>«pJI J-aU- - Y 

(J-S-lI 4 allgeja 4 [ mJ ■ Lg > J a i a -»• I J 4 j ■ ^~~*J ^~~* ' I (j-uJJ_p-J I 4_>1 a-q-^e-a a I Jur" i u I ^j ^~~* a ' I * - 1 J^— » ■"■ j la ) I 



1 !■! ■ ■ : :tia 



>>ll 




in 



(JJJJdll 




^gikJl (JJJjll 



jit I .-ill ^^jSj^jI (JJJOJI 



ill (__>iij4jl 






4 Ia-i i •■ ' 4 j ■ *— i ia ^— i ^j_uj)j3 4^1 a-qj^a I * - 1 J^"""* ■"■ 













(JjjJaJI CjI JLLalLaa (J-ti (""ill i_3_ajJaJ LS-Ja A-uj/LUI <Lc.j_i.oJlj ^j-*-!' (jr- 5 - (J J ' a "*" " 0^j[>-~" '- ' ' "' *JlC j__3jj ♦$► 



4_LaL>- 4__j__u <jl1__cJ'»J» 
(jj/j^pil JjLsJkl *___>jJI -1 La £■}<£► 



_f_ 4-t-LQj (j-a *) rriVI I JLjfc j-ivf (jr j^*AII (j-upJI . M - \ J^— iUL ?____> j^s j-LLajJI IlLjJ ,-___!! J^— -aJlj 
lyjjn i"itl (jjjpJI <Jj-»- jjJ-jj 1 (j i nii< (Jj->- JJ-^-* (4 Jj^~iJ^~i^ ) iSj-^-*^\ (J-^iLH-^J (J-°i>^' 4__jj3_s_a j_=j_a 

.^j na i"itl (J_a^- L^JljJ-iJ ' ■^-.Ij^-.tl ^LLaj LaLjj 4 1 _u < l_Ukj 
*_La_>-_a jj-u^jJi <>Jl«J (J_aL>. Jij_».j x_a *> j 1 ^— » j -— > 1 1 (j_uj2_pj| ^j—a -S-LC jj^a ,jj^~~ ' a ** J ' ^~~' J ^~~' O^JLH"^ (J-* 3 ^ 



.<__-3j (J-= 4r-J 4-»jI_i Sjj_u_u 



_JI Ut 



- J -« ' *_a 4 ,-1 , ,.« a 



O". 



ijPJI 



PINION GEAR 



PLANET 

PINION 

GEAR 



PLANET 

CARRIER 

ASSEMBLY 




INTERNAL RING 
GEAR 



Sj '» 1 tail 4 j 1 ^~~*J ^~~' 1 1 (j-uJ5_pJI (J-a^v-i 



<U^U (jLLu/^l <>J__4> ((Ji^-lj-JI ^j_a (jLLtx/VI 4_lic (_>-=3, uA\ lt _yljlA\ J_fi> (_L>-lj_JI /- al_»Jl (jjj^__Jlj 

^jj/j_p_II J-aL-wj /, i no i"itl i^jmjjlA\ ^j_a fj ^— > da * a (j in 1 Sj ii L<aJI 4__j____J_zJI ^jj/j_p_II *_a L_a_il.ij (J-aL^aJLi 
(j •■ aj _L_ jj J_j ^jj/j_pJI oJ__fc (J -— > (j --sua p j i: -« ' x_a l_«ijl J 4 2 JoJt-a ) _ / ___>J| (_-!-»- ' J-JI ^jjj^LIIj 4_l__=j____JI 

J}L>- (j-a JUG __-j-_j Output power 4_*.jL>J| Sjj__Jlj Input power 4__U jJI 2jj__J| jf <__!*_< I j__>j jj^il 

. u _ 













.AjjJoJI ClLc^ ) rill Jj-OLLuS ^_ (JL>JI J_4> I -l^- 1 (J-Uj_p-JI (■ I ) n < J-cATlI 

Sjl-i] (jl-3 j^LlILij j^>- VI jjj^jJI (jl \ i .it *_a Lajl-i dJLji-»-4 (_>"J^ J^~~ ' 1 (jLL-uVI 4 j ' ^~~* J '—' 1 1 (j-uj_pJI ALku ^_ 
(_o.j L2JL9 4 j ' ^~~*J ' : ~~' 1 1 (j-uj_>jJI aLLsj (J^L>- 4^=j_>JI j| ajjjjjl JJiiJj ^jj/j_pj| 4_uL) (JLc j3|_) i_3o-uj (_>"J^ i^l 
i«t-_lQjl (jjyjJI (j_a 4 ^— >j -- 1 1 Jlj>-I I **^-» a i ^JLlILlJ |^J->- V! (j-uJJ_p_JI Jlj>-I Ci-iTlI Lq-Lu (jjjJJ_pJI Jl>- I J-1JlJ (jl 

(jlLaJ i_3o-mj (^ DriveJ jl\ jJI a .^»tl j_a, /^^—j (j| ^j^— • /| « S-u^aa^sJI (jj/j^jJI 4 a j la * a £_ s-Liim VI (j^a (_£| 

j ,^.tl j| jl j tl j ,^.tl jj ^u_. jf ^^yjUj^f ^Ij Input member jJLoJl jf jiljJI j <^i«tl 4_lLl 
jJLs -1 ^fVI ju>-| Ja^j jf fLIaUl lj-* <jr^ ■ Output member rj^il 4_JLc jlU\ ^j^ ( Driven) jLSlU 

. ^ Y - ^ J^— < <"itl ^j_a 7t_iislj j_4> I i^~~* j > * ' ■- ■^-» ' La-Lu 

.(«lJL) (JJJ^i-I JljL9 OJSftJI (J-oAj ^_ J-&J J"*" ' O"^^ 4 I ( rlitLl jLiLLa ^jj/J_pJI Jl>-I jij*^-* ' J^J 



^JLojjUl Jju 



Ji-jJI 




g>»JI J>»£. 



r-j^>JI (_>"^J _^- 3 d-Jtjjl (jj^lll La I i a2j (jl i_t>Jji-i j uag.9 ((Ji- JlII j ''-^<~ ) 



U 













4_u ^— ia *^— 1 1 1 jj^ij^pJI AX,j.n->.l (jjjj^jJI 4 ii ii 1 
<Lc.Jj^>J, ^jj;J_pJI 4 i i n \ JlJJlJJO /<UJ till jj ( 4_LaL>. ^J"JJ~^~~' (J +"' '"'"< L*J1 -^ *1 '* "*"' ** J ' ^3 J '—^ I I ^jjj^j2 (jl li-jP"- 

/- I nq ("ill (jjyjjlj ■ al>J| jjjj^jJI 1 ( J_«L>ijl (jLLu/l JJUU 4 J I ^~~'J ^~~* 1 1 (J-Uj5_pJI 

:4_tILlII ^ - ^ 5JjiL«JLl ^ z 2 J^aL>JI (jllml J^J^>>j j>^ »j 



Zo = Zi + z, 



1-1 



^ i ii <i i"i'l ^jjj_pJl (jLLuil jJlc 
(jr 5JL>JI (jjjpJI (jl_uj/l jjlc 



^3 



4_La-Uj_« /y^S <U1j_uj (_^2 <LaL*JI LgJjjj^a ^_ 4 La-Li •■ Ul 4 j ■ ^~~'J * r ~' 1 1 (j-uJ_pJI <Lcj_<^>iJi, 4_u_uL_u2l ^JaJ-aseliJ I 4nnl 

Z_3 

Z, Zj 



7 

n, +(— ).n 3 = (l + ^-).n 2 12 



/- I n <1 Ml II i yjjv.jl 4X. >-l_u 

/— al>JI ^jjj_pJI 4^j_i_u 



ft, 



ft. 



ft, 



^r 







LSLdjjJLAJIuLuuLui 

Ijl CjljLttlj (JjIj mtl (jr Ll f-jlj-ll 9eJLLa^aJL I (jiLaJ^j 4jjl_C.j iJjL-uj 4_JLa (J! ajLXI Cj^L*. Aum2 " 
i^^-iLII jl^>-j j-uG Caj I j^^-* '"' ^r- 'J a" ' " a y-*-*-* (■r- 1 '-*-' ^-ilj-i' (jl J-^J 4 ■ ■•* ' /j-o-LtJI i_ajj_tltl I a-fcjlc (j-JaJj 
/- a i njj Jl^jsJ! Ijut> SjLij *_a LOjJa I [ i uLJJ j-l<Tl! I ljuk I j^ a i- 1 1 nLuJ aJilaJJ p la » a .9 4IL»-La CjjJl^s 1 a j a 
(ja^aJJ 4 ^— >< -»■ 1 ] x^LU <LajLiil I i uLJLa (J^aLttl ljufc 4.a-L3 JlJcjjj <L»-j)jJI J^stta pujiL) (. 1 1 uLlLll (J^aULA 

.Yp_i_u / 4_uLi (j-il-i (^^lil L^jI Jl>-j 

(JM->- 7t ' '•*■" "Lfi' Ly^^THJU' '-* i '^' l '—~' (_p-a-> (jl (j^ 3 -^ (jr"' 4_a-La-)2l (j i n~>.| jjfc 0L1-U ,»Uia-i <_lLtj_La ^_ 

. L'uLJ oVA.\ JaJLLa ja^a ) ^QJuj OjLj p-20. Caj lIUJj 4_t3 p^~~ LSellll ^j^— » 1 ) JaJLLa C.O.J i_uJlJ| 

(j-a oj! ju9 Hydraulics 4 ol^-> jjj Jl^-i iuj (j-oL (j> i,i\j21\ pJLJI j^> l^-Mtjjj^l pJLi (_>uj.i <j-a Jjl jj 
<J^= iL. 1 j^jU'j aLJLl tl!_aJLu L^IjJlj pit] I Ijub pT^jj .oLJtl cA*^ cr-^J " Hydro" 4_lJLJjjJ| LJ^aJI 

» , Utl 1 CujjJI L^laj lP'J? i ntl 

jj 2^2JI (J-2-Ll 4JLb|^a dJJJD (j^j , U.1 » ,:-»\n L^jjJLiLJs aJuu JLj-a-i (_plj i ntl (jLa CjljLiJL^= 1 njt (JjIj^oJIj 

jl " fluid" xjLa 4 al^=> A I JlJt'ii ill (j^=a-a-lj ^*^^~~ '_ ^~*-" * 'J ' "J l£' J-"- J-* - ' ^J^° L^l (*^J^° O"" ^ = J^ >1 ^' 

.L^ajJjjjLaJI cjI S-uIaj pic IL. L^jJI j I mij La-i-L>- 1 i^j ,-^.-^j " Liquid" (JjL-u 4jji^= 

Hydraulic force and pressure laM^ij^SyJjjju^lS^ll 

a I Jiir" i 11 1 J 4_i^L>.| S'iIjU. , „l a| JlJt" 1 iiU > 1 njj 4JJ j ' ■■ ) 4jjLZu (j| ^j^— > 1 ' 1 t-»j , ,. i\\ ^ £—, j IjAj \ j II pi taJul 

4- I o^-> A-p-Umtl 4^UuII (j-oij La^J "Output piston " rj>>- (jnj^-iayinput piston " J^J (jnj^-ia 
(^yic ([p^fj ^ * * L&ljJuLa 2j^j I-J>jI iJLa (JjI 1 ntLi «.jla-a ^ * ".'^~~ l tl drv A^J^' P'J-^' ^~ ^ J^-- 1 u< 

( (_jQJI) (j u-l^s U (j| Ju>j t_aj) 1 n^ p 1 11 ^ * 2jJi!l oJub jjjG Caj (j .. ■ < ^-» 1 1 \sjt uitj^soj (J_ai>-jJI (j ".'^~~' " 
\ * * Lbjljt^ iJj-2-> ^pl- 1 *— ^3-^3 pu-"^ *(jr^J (Jj^' ^j ".'^~* * 4\al 1 n a (jjLa-ij udj^ejj i_3jjjj r-_jj^>JI (j "J^— " 



H 













.Q_l_U 1 



*_^u 1 



JiJJI. 



k -1 k 



! I 



\1 



IS 



i I 



■I 



■ ■..)«■*■.. UJL—J I j 



UJj 



> 



lPAH 



cHfcH 



4 ali a S'iIjU , „l ^_ *_)LU ^ La ■ ul aj r-j^>JI 



^ £ - ^ J^~" ' '"' 4r l^- 1 AjjjjT "1 J V' J '^' l." "' I ' a a * a tjfCi )l aia ■ ul ^_ £," ■ .. .^-. 1 1 ^j_ujL) x-uoj (j) I **^-» a ' (jVI 
) (Jj^fl (j -j^-i 1 1 1 *^-— j a. I jLa LiLL-u l_Lu I -i^-—j (JjLjiJLi ^jilla-a ij^jJVIj (j-i i "j^-— II (j"4> A^J^' pl>^' ■ 
tillj ^jLa (2H5J-1 ^ * * LfcljiJuLa j (j •■j^~~* 1 ,1 (_yic a^3|-tl ajJiJI J^^-J *-a (<u-u ^ * 4J2J i u a ((J^>-jJI ^ •■j^~~' a 



jU 



^Q-uj 1 



^Q-uj 1 



POUNDS 



r mm • • v - i — r=r-% I f " * rgprr 



\ r*''> i\— i n 



INPUT 
PISTON 



1 IN. 2 

OUTPUT" POUNDS 

PISTON 



JijJI 



M " j 1 ^— ' rt T f) i ii 1 4_)ajjl ^)_>Jl m ■' J= I q V fn t ii 1 ^■pa.LJ 1 ' 



(_i^jj| (J^L>- ^jj>-I <LJ| aia i "I Jl S'iIjU , „l ^yz 



Pressure ,U;,MI 

l^lc- ^$Jj-aX. <jL>ol ^_ ,jj^~~ '"' 5j-2J! oJJbJ .CjL>-1 i nil 2Jl>-j (jr^C- o^jjj,! SjJiJ! 4_jl_) . U« <><II i_3jjlj 
ajLt^aJI j^k 4jt_il iiill i Laj uaJI a Jl>- jj. <la. 1 i u a «Jl>-j J^~* 2j^J| ^jj/Li^a j^k JaJLuaJI (j| >^3i Oil a <L>-1 i u-1,1 



^e 



JjVlJuil! 










JLj {pound per square inch (psi)} oIj^-^j jf Y p_^/ (jja^lll 2jo \fc> J^ (^ (*-" ' ' ^*^= ) ^ <*-"-"/ f 
J^2J UjlI£.j . ( bar) jLJI 3 Jl^oj jf J*^~"-.'j^^~' {Kilopascals ( Kpa)} CjI jl>._oj jl ^jljj-^' ^=>^' cr^ 1 

a^-Lt.Lg> <La»l i n a /y-Lc 2o-2jl (j| Cr 1 "*" 1 Ijufc (JLS i Yp_i_u / p 7~^~~* '^~* 9-^ Jt-sHI (j-* 3 AJaJL) Jtlc JaJLJaJ I (jl 
Lai . Lu-ulj LLaJLiaJ I 2jJ9 J n<* iLaJ. (jL^= <Lui3l <L>-1 i aJJ ojufc LJJl>-I IjLa (<^J-II IJl4> j_4> 4iaJiJ (Jj^>» <Lao-<-uj-a 

pressure measurement ,U;.Ml ^LS 

(jLujJ Jjjjjjl jl (JjIj^oJI (J q t" i n~ La 2jLcj .Cjl^ILajjLtu i_3j_*3 2j^>-l 4 La i ul aj LLaJLuaJI ^jjjLSjj 
Lai _a^2 (_^jj>JI tlaJLiiaJI Jl Uj i u i a (_£| i_£jLl*JI ilaJi uaJI /- a i u < Sj_^>.2l <>Jl$j ^jj/LoII daJLuaJ I a JaJLiiaJI 
La| i(_JLj/ ' La » i a 3^2 <(^jj>JI 1 La » 1 a 1 1 ^j-* 3 (J^l '- A l3 "— *- > "J- a iLaJLLa _a^2 <(_£jj>JI JaJi LaJI ^j^a (jyicl 

Jj I La 1 1 1 La » 1 a I 1 i_ij mill ^3 Jj 1 U 1 1 . La * • a ! I 

(jL2 (2P_aJ-i ^ * * (j ".'^~~' Ljufc (jr^- *>0-*' * J * J? ^ (*-"-" ^ ** "*" ' " *^ a *' ' " a Ljtl£. (J_ai>-jJI q "J^""* " U'-^ = ' JL3 

. ^ - \ J^— > ■"■" (j_a Tciislj j_4> I -i^~~' >LLalIu (jL^=ua (_£l ^_ Y p 1 u/ ^^aj-i ^ * * <>jl JuLa 1 La » 1 a JlIj-1 I Jl4> 



T /Q_i-u//\Ja-LJ 1 



6- , -?T!- , ' * * 




T /Q_t_u/ rjJfl^J 1 * * 



T *u-u//\3a-U 1 * * 



(jjJJLa iUaj (J^L>- 1 -i Laj * a Qa^a ) ) _ / ^— <^tjj LtJI JaJLJaJI ) - \ ( J^i3_£u 



u 













. ^ "I - ^ J^— » iuJI ^j^a Tciislj jjb I -i^~~' /^j^kJI (j u-l^3 a ^j-a (lAirH ^ * * L^j'^-a «J^ z—LaJU i La * • ia 1 1 I Jl4> ^jL^ 



U-'JtH 



C^JtH 



: \- 



■ 1^-1 1 1 i^>.Ljji Y 



T *u-u//\3a-u 1 



T jCUl/jjiU 1 




T jc^/(jjuj l 



3-1,! 4j>-L»_u_a Y *i i u 1 



4jj1 i n" a 1 ■>» )| r-j^>Jlj (Ji*. jJLI SjJiJIj 4^=aj^>JI ,jj^~~ '"' a ' AJjl i n" a 
(j u-l^3 a J! 4^=aj^>Jlj ajJiJI ^j^a (J^= (J-2J-1 i_3j^u a I La * 1 1 ^_ lLsJi LJaJI (jL3 Lilj^elb i_3jjjj (Ji^jJI (j •\'^~~' a ^jV 
J^= SjS <jU3 AjjUula £>»Jlj Ji^jJI «Ai <>a J^= i^L^a duL^= Ijp3 . ( Output piston) £pJI 
JaJLuaJ I a Jltt" i n ) (j| ^j^— > i < (JLl>.VI ^Jaju ^-J .4-j^l i »" a ,jj^~~ '"' i_3^j-u (_Ji-jJlj r^>JI (j " *^~ * a ^j-a 



L_dJLt 



al LaJJI LJaJLLa £_ j3|j i_3j_i_u (Ji^jJI 
j_yLl SOlLI sjJiJI 4 <i i ii^ <Ua i ul aj i. 1 1 ii*«.j aLLaj (_£| 2— /-^= '.^JL)' '- r ' ' ^ (j"-^ *— ^Ah*^ J^ 1^~*J 

Y /o i n / ^jj^JJ-i *^>-l ' i'U / S a^JI = i Laj t'y>\\ 



\S 







.( ' (0 ' " / (iP^f- 1 * * * = i/i * * ) Y/«_i_u/^3a-U 1 * * <>jljJLa UaJLia /— Iaju 

pi lalll ^_ LLaJLJaJl (jL3 (^J^J-i ) * * ajJjJI ^yuJuo i La flj *-'»j Y/<u-u Y ^Jl (j ,. .^-. 1 1 <L>.| , „a Jjj-i (jl I *♦''-" ■ ul _aJj 

. ) V - ^ J^— » iSJI j-ts-il ( Y/<u-u/(2)35-U * = Y/ ^ * * ) Y,<u-u/(2)35-U * •- ■ i a ' i_3_ojjj 

i U« . V-tl ^jj^-. i lLUJljj Y/<u-u *0 (Jl (j •■j^~~' II 4->-l i n a ^j^ **»■'*" j^>-l 2LLa Jl>-LJ (j| ^j^— i ) 1 La )| 

( Y*^/^^ Y ♦ ♦ = ♦ / \ " ♦ ) 
peJa-m (JLc SO$Jtl sjJiJI 1 ia i n^ (j^>>J .^j-iJI *J^ Lr^ 1 J"15^ i* ' * ' a O' ' ^^^~* ti-J- 1 "^-S (j*'_9 

/_^3J Lijj (Jj-5j j^QJLij i al kill I JaJLLa (_ylc J ' -^ *-"' (-r^>- ,_; ■■ ■ < ^-» 1 1 -»■ I- , „ <L>-1 i na (_ylc (Ji»-jJi (j u-l^3 a 
■»• t-» . .. <la»l i n a X a Ua.ll I i La » i a i >>^aj i_3j-u< Luis i r-j^>JI (j •\'^~' a ^yic Sj.3iJ,l SjJLII ^ILc- J i a *-'■ 

^ " '^~* II *^>-l ' "a . JaJi LaJ I = Saji]! 

Luis ((j •■ j^— < 1 ,1 5^a-l i .1 a ) Y/<u-u ^ ^_ I I ijj i a ^ Y,«_i_u / (JJ3JJ ^ * * tfjljula (_£JJI a LLa-Ll | . U« .>. \ LJ_pl IjLs 
^ ♦ • JaJLJaJI i^yuJili IJ^pl lJL2 .( (^J^J-i ^ * *= ^X^ * *) /^j_>JI (j u-l^3 a (_ylc SjjlXI sjJiJI (_yic J i a *-'■ 
Ijlj .((^J^aJJ Y**=Y X S * * ) (^J^JJ Y* * LfcjIjLila 2jJ9 Lr^- J ' -^ **-"' LjJLa Yj<u-u Y (_yic Y/» i ii / (^J^J-i 

J ,>.A^- / a £^J3 ^yic (J I a *-'■ L1JL3 7-jJkJI (J u-l^s a jIjuI 1 i i^^-v. 

(J 1 a *-'■ LLiLa Y/<u-u * LAji JuLa 4j>-l . na (_yic j2j2j Yj<u-u / (JJ^JJ ^ * * JaJI LaJI (jL^= I Jj tillj (_yic. (JllLa 
r-jJ^JI (j "j^-— a (jyic. 2j3lII 2j^JI A-o-lS i—S^llo-Lia .(^^fj * = * X \ * * ) (^A^jJ * ^jJkJI 2j^ (jr^ 1 

. \ A~ \ J^— > 1SJ1 ^j^a -- 1 ajj I juk LJaJI LaJI 4-a-La I * ■'■^"^ 



U 












ilAfcH ^ * ' 




T /Q_t-u//\3a_LJ 1 ' 



j " <^-— 1 1 1 *L5-L»_u^o V ^ t n i 



O^ 




Y *u-u//pa_u • 



' i^— I 1 1 4j»-L»_u_a Y *i i iiY 



(F/A=P) ,U;.MI <jr l£j^ 3 NJ4^Lu t x Cy k. 



cP^ ° * ^j^u ^ ' 



0->3tM 




Y ^j-t-u/^jja-U 1 ' 



OW 



(P.A=F) i^jLkJi sjSJi 



h 



JjVlJuill 










Hydraulic motion "iaSjljj JuhA) 1 2SjSti I 

ij>.jL>JI Sj_UIj UiJjJI «j_ill cuJL^= lj>! . output motion i>.jL>JI 4^=j^>Jlj «>ijll jl iliJ jJI A^=j^>JI 

Sj— a *_j».j_) l_Lcj . ^ A - ^ J^~* '"' J la '' AJjl i n" a 1 i>m| <L»-jL>JIj <lL>-I jJI 4^=j^>JI jl Jula (jLs (^-oy\ i n" a 
ilaJi »^> /_LaJLJ i_3j^u I Jut (jLS (Ji>. jJI ^j ".'^~' t ^(0 ' " ^ (jr^ 1 J-^fi °J& lH5tH ^ * * U" ' jM i nil (JLiUI J I i^j^>-l 
Y /<ui-u ^ 4IL>-1 ina j^>- 2 1 j_4> (_£JlJI r-j_>JI (j •■ i ^— » a (_ylc J^Lj i_3jjj, . La * < ia 1 1 I Jui> . Yp.i.u/^^.u ^ * * <>jl Jula 



^Q-LJJ 1 



^Q-l-U 1 






J^jjl (Jjui 



jLlj^I (juiAlj r-j^>Jlj (Ji^jJI jj-uj 



..■*=-.. 



(JJ- 



^ UjLiii n- ^ J^=_ 



(jylc (J ' -^ **-"' i_3j_uj I **^-<tj S^JLII a sic.\ i'^ a ^yic (J ' a *-'■ <_3j_i_u Y,<u_u Y J I (j " j^-* II ^>-l ' "a LiflC. Lis I j! Lai 

. Y * - \ J^""* ui j LaJI ^j •■j^~~* 1 1 1 t-l!j-^LJ ' ajLta-UI jl jJLa 



Ji-jJI 



/Q-LJJ 1 



f i-XJjt 



^ farh i i l JJJTT 




1-4 T A_l_u 1 T-J-iJ' J ■' LBS I ^ T /Q_i_u T 



0->3tH 



2j^JI (jLs I a* uaJI r-j^>JI (j •\'^~' a 4ja-l . na OjL^= I jl Y * - ^ J^~~ ' ■ 







Regulating the Hydraulic Pressure (jSaJjjJUAll ta*£)l j»ffij 
oIl.* spool valves 2j_^=lJI oLaLu j pressure-relief valves .U« .^tl j\l UM ^1 -, ,^ £ Orifice ^Lk^All 

Orifice (o-ijjf) Ia^aii 

y\~ \ J^— » ■"■ j laJI /-^3l-ijI ^j"jVI A^=j^>JI (J^u aj^>-l ^_ JaJI uaJI A-JaJj diLaLa-i^ f"'j->' i-La-mj| (j-« ^^^ 
4_4>jjUI oJlA Sj <« i^aJI 4 -»" flJI I fcjlg jlla ' uLl>-Ij (JjI i uJI i t-'^ A- J^o^zd (JjJ-SJ ^^^ ijkjjjJI j| ^Luiw ^1 (jb9 . 
J-ULfl fy^SL-ul ^j"jVI 4_^=j^>JI (_LalJ p i ii-v- i|_ £jlj— fl^9 <J^L>. *-jl_tl (jLjj_i-u J J 2j ! Lj.al Jiir" i ul (j ^— > a 1 1 (j_a 

.x_iLU LLaJLuaJ <LajLiLa dJLlA >jj^~" '"' Lr^'-^'-'i 'LA^AJLi /<uajj_) a! aj uaj *_)LU (juj_uj 
(jr JLc tiaJLJaJI £- 3j-^ tllLufc (ja^BJ ^LjJLij (Jjl mtl jljuLaj '^— 1 LiUjj 4_4>jji]| <_LJ9 Ltijj_a jj^-— _' ilai uaJI 

.OjL) (j_9^~~ 'JJ f-jLU jLtjj^a (Jjla 

Orifice iAjAJl 



: 1 : 

■W»^MlMII>fct y,M IIII | l||l I I , 



Z3 



• FLoyy ^..,,, :;r .. ; ..,,.,;.. :i ^..,. 

i n > i ■ > ' i i ' i n ^ %i i • ■ I i. ,» 



(jllLa.1 j| i^LtLg a^cj^ £>£. 2jLui ^^ Orifice Sjk^iJI Y ) - \ J^ 1 — ■"■■ 

jij *— ■ ) ila_» uaJ I JjL 3 *-jl_tl ;_£j <-uJ X LajL-Ig.9 Ujl una ^j ^— » ) 4_A^AJI yjjL> ■ 1£ *-jl_ll <L_t_«_£=! 

P 2 ,Ut .Ml ^ j^=l P, .U; i^JI jLa ( A YY - ) ) J^-, ,t,tl ^UiUI ^_ ^U! uL^-" J-*** .LyLuL« 

(jLfl jjU! 4 ^— >jj>. ^1 tl!l_ak (J-ojJ ^1 JjLl^JLi t>CL-Ua-d 4_ib_a^il j^jJLsJI M_^= IL. i_3j_iJI jj ^— " LaJ^uij 

.(B YY- \) J^,,t,tl P 2 .Ui^tl^a^jLuuj P i ,U;.MI 



n 













c 






ljf r 



'* . ■ " : ' ' "v ► - 



100% 



^Ul 



2 ^ ^ At l 



Pj 50% 



^> 



50% 



100% P, 



\l/" 



=» 



P x ,Ui,MI A J^=ul!l - ^Lfe^JI 4. g^UI (jL^ YY- ^ J^ ,t, 

p 2 ,u;.mi l5jL-^ ^ .u;.mi B j^^ti - p 2 ,u;.mi <>a 

4- L*^= 4_ifc^ J £r> JlJ£. J^^'j i_3j_^ ilai ilaJI (jLs (jLjj._t^JI 4- f-SULl f Jljj La JlJ£. ( YY~ ^ ) J^ £JI 

JjVl LajJiJI ,j-a J^= 4- tijL^ t-Sj-i-u .U;,;-tl jjLa SjJIUI iajJiJI ^.L'loj UjlI£.j .( A YY - ^ ) J^slAII 

^l liJLLA j j^" Vj J5UJL. iiLw <-fljJiJI J-^= jj^" Uj^ij .(B YY- ^) J^-,,t,tl 4. U^= <LulSIIj 

.(C YY- \ ) J^ ,t,tl 4. U^= l^jJlJI J^= a. ^jL^ cJa>^ ,U; ,MI pla J^LoU 






■ - ■ * '■'— ■ 
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iHMMM i JM ■ I 



:c 



(^ i_3jJ«JI (J^= 4- l£j^ ' ""'J <— Saj-u tlaJLjiaJI " O i La a£ <LuLjJIj 



tt 













Switching valves Jj$*UI uUUm 

» -Jail i uja -j-»-t (J J ij ^a-d 9ji > -ufe (_)i>.J^a ^j-« *-jL-t' < ^~~'j a. (J_jj_><j a fr (J-J^cIlI I CjLoL«_»^ (j-« >L«JI i_3Jl-JI 

One-way check valve j^I^I oUJV! ji Jj**UI ^ Lwo 

_Lic^ (JLa-< tiJl 4 iellaJl J I LjJLjlJi 4 -»"Atl /yj Jl>-Ij <jL>oI A_ xjU.1 jjj-c-i 7r <i i n <j ^j-^ )l Lll JaJLLa Jois a JlcLSJI 



J_ji-jJI 4jxj3 



*_iLXI t U. • , >. 



■AJ L-* 




I 



t 




j-^ 'I''' JaJLtis 






1 I 






*-jLU ilaJLLa i_dATiJ LaJtl£. . Jl»-IjJI <>L><j^?I Cjlj CjLaLj^aJI Y£- ^ J^— ■'"■• 
dajuJs i_Juuj Lajilcj (A) tjLjj i ntu *_)LaU 7r <i i n < i_3j) i n^ ^j>» il ill JaJL a ( _ 7 lc- 



tr 













Two-way check valve <£aL>jVI jj Jjj*j]I j»Uub 

4 --.At I .1 ,.,t -Xj ^Utl UaU^^tl S^-.Atl ^Ja.JjgJUl t- YO" \ J^lAJI 4- U^= £jLU J^i-jJ 2 JoJj 
I i>»il .<_)- YO - ^ J^""* <"itl ^j-a 7c_iislj j_£> I ^^ i Lil*-ll < selLaJl (j-« ^j_j>o^ i_l!j_^jj (j| *jL«JLJ 7t <i i njj ^gj i njtl 



I lUll i^eiiJ 



^ ) i n ill <sal^l I 





e>^=ul A I q ' *** ' I 



fiSUI Ob 




Automatic transmission fluid ^SyuU^jjVllSiSjjtJI JSIJ JjU 

ojj «uAj jj4>j .CjjjjJI f\y\ (j^Li (>i ojj-ali] lillij Automatic Transmission Fluid (ATF) ^^-^"1 ajjjVI 

Jl1£. /_^3l-1jI ^j"jVI 4^=j^>JI (jSu CjJJ (J.a-t-1 (j| (_o.j <i-;i^- CjLa^Lli>.l -S_a^>-J *-« ^j^~ >Jj 'J'j ' " " t-ilvst* 



CjjjjJI jj^a p'j-il t-l!l_Lfi> .jJ^aLc. ^jj (jjJ Jl .(_pijjjjJI ^j^» ' -i_^>-J i- . i . .1 > 4JjJ jjJu Ijj d<jjjl j-t-LtJ (_o.jj. 

it^sLjjLyjjVl a^=j^kJI JisLi 4- 1-J^I^ ATF DEXRON III ^ ji^T g^ij ATF DEXRON II-D Jla 

A^ajLLaj x-alj^a 4j>-jjJ J^aLta Cjlj 4_LmLuj| 4_uJul>3 CjjjJ ^j^a <U^sL>. 4_i£.jj (j-« A ''J ^~' " CjjjjJI <>Jl4iJ 







^_ p^~~ LSeHJI a 4.lLu^2?I ' - ' I a i a I a I , I (j~* ' ""*~"^ 4_^L>. CjlsLiislj ' aJ-La-HJla a_a£.j-Jlj l _g_j r <Jlj a J ■ ..^-A< t 

■d]l^y,Q?l 

.Ojjjl CjL2j1s (j\i ' dl^a "-*■ I Jl Lg ' a » j j (j^Ltl! ^j-u i <tl^— "^ VI Jjj^ILta I j Lu j-iiLJU gjl .-~."VI aJul-u (jyJ^*- 
4r- Cr^^rrjL?' '-* J ' "^~~'J f*j-*-'' t ^ J X5^ ta J '''-^"""'-l^J Li J I ^j-^ ) I a-SJl ^_ a}-*1] J^' *^~~' AJiir" i u ) OjjJI I Jl4> 
(J-q-tjj ^jj/j_pJlj jjLsJkl (^j-ij/lj^aJ JlJ_jjjj '— *d>* J , „^-.j a JlCI > nt,l p^ ■ selijl aj^>-lj p^~~ '•*■"" aj^>-l 

jj_C J-^>-l <-^-JJ aI Ji-Jr" i "I ' 4_^=i_uLajJjVI 4 ^— >j *- 1 1 Cj^JJsl—Lj 4_l (_ 7 _i^3ji,l O-JJ-JI pj-l aI JiJr" i "I I 4^1 J I— <->«j 

j^>-l 4^=jj>- (JJ9u Ojj x_« Uaalicja, 'Ltic (_y^5jJll /—^a-iJl ^j"jVI 4^=aj^>JI (JJ9LJ Ojj aI JlJt" i ul a| t 4j 4jr i-i5j-a 

4^=j^>JI (JSIJ ^_ (J^olj^Jlj ^j>. tljrttl Jjt i*iilj i /-^3LjJaji Li«Jl a Lta-Il I dllja^aua (Jji i"i" ♦$► 

i^ajjtlJLl *l_>»»Vlj iLu^att^a 11 (jj/j^pJI Cujj3 (jyic <J-**JI ♦{♦ 

A ^— j — " 1 1 Sl|jj>.2fl JJ>-u (-1^ J-OJtJI ♦{♦ 

4^=j^>JI (JJL) aj^>-| jjj i_l!j^>Jkl A>C (J^-Ll (^LlILlj A>-*JI (J_a^ta (J^^>- «JJJ ^r udj^ejj <L^=j^>JI (JJL) (JjL-u 

4_i^=L : uLajjj^?l i^=j^>JI (J^lJ (JjLi-u .i^=j^>JI ,J2J aj^>.|j tiJj^sJkl (j"4> ^^^~ 1 ^'^ ^~* ^" iJ-^=J l£' ^^J^ ^J 

CjUI^ i ntl jJjjLu-a 4_ (y^ajJjjJia-JI i La » i ia 1 1 . 4_^=ljJ jj Ji_i-J I 2jjI jJu jjjQJI (JjLj/J ^Jl i La » i a Coo ijljjx-Li 

.OjjJI '>'<<« 4 La i ul aj 4_iic (J J ' a **" ^ > j^~' 1 ' 4_i^3_uLajJj VI 

(jSyuUp/tfl aSjjbJ I J2LJ u^jj jfll^ 

4_u^5L>- JlLa 4 -i j I , I (_>*3|jJk]I ^j^* ' ' ■ ^~» JJl "j"j VI 4 -^ = J- :,, -!' (J^" Ct-U^J Clxjj I j^ a Ljj (JjIj i ntl j>_Lqj>. jLj-<J-> 

.TtJI >J^. a J 4 U^l (j^j^IJ-LJI tjjj-ll ' i>-_ajJLII 



to 







Viscosity and viscosity index ^jjUl J^U-aj ^-jj-UI 

CjI jL^>-L^= jl 4_u_uL«_4 ~*ja<Z— . LkjjjLj <LajLiiI,l 0j_4> jjj/LSjj d>l£> i nit OJJ-JI <LajLiit L-unria j-p.tJ 4_»-j)jJLJI 
ljj>-t!l jl jJLa ( _ ;r Ll i _ / ^— jj! *j"jVI ^^— j^tl Jjslj iL. aJlJcTll-u-U OjjJI i>.jjJ jiijj .i>.jjJLII ^ j-^j ji d-L^uLa-a 
iL. ; Nj^^tl SjjJUl OJJJI ^>-J>5 -SJ^>o l£J!Jl^=i <Oj}JI '^N j"""l 4j<n'i (_^lcj <_lLu»JI (_£Jua (_^JUlj (J^allllj 

.*l>».Vl udj^J ^ J 3 ^ 1 ^j^ 1 ^1^-»"^VI 

.2jlj^>JI 4_»-j.} (_psl aj<j| jl f-Lfljjl *_a 4!L>-_jjJ jjjJlII OjJ-JI 4_lL)LS 4JI_i 4^»-j)jJLJI (J^Lt-a i_3j_*_i 

Viscosity guide i*.jjAJI JJj 

it^jjj LaJtl£. CjajjJI dlLal Jiir" i nl ^_ I -i j a ^LaLc J^— > ■"■ ) SjIj^kJI 4_»-j.} C-xJ-mJ OJJ-JI 4_»- j)jj j_uju (JjuLA (jj 

■ OLtiaJUl «.L«jI ajlj_>JI 4_»-j.} ^_ CjI^jjJu CjjJl>- 
SjIj^>JI CjL>-jJ j^yuLuj] (_yic OJjJLI 4_»-j)jJLJI jjjjLuLa -SJ^><-1 (_£Jl!I 4j>.jjJJI (Jjjjtj (J^aLtil I Job (_p-a i_3j_*Jj 

. <Uaia 4_»-j.} \ * * j£ * 

Viscosity measurement c^jJI i^jjj o-lji 

CjL>-jJ Jtlc <L»-j)jJLJI (_^JaAae *"j . 4-LLt.a ajljj>- A^»-jJ Jtlc JJi^ia j La£ CjI j Aj^jI J 4_3ti3 (J^L>- Jj^JoJ w^""*^ 

2 ,^A^.;t I 2j|j^>J| cjL>.jj ju£. i».jjJLII jl jjj j>L>- iL. i i-JUJI 2jlj^>JI 

Flash point pia-bapl iUiJ 

.(_>Jij-a (^jaj^aa Cjlj oLa ^1 Jl^t" i nU O^aJOJl i *...^— »' j a t"i i n"j cdxjjjl (Jl t" i*iil 4_»-jJJ ^j uL^S a (j^J 

Density oj)JI 4JBJi^= 
Specific weight tyCjJJ! ujy 

(jl (^1 C^jjJI (j^a /<u5ej>JI «Jl»-j 4j_tt Tcv j (_^JJI (jjjJI (j-C. 'jLi^- 7 j-^J-^^ 1 ^ j-^^hii < — *d>-^ (jr^-J-^' L)jj^' 

/«j*j>JI /(4_uisj^| 4_ujL>JI 4JL-!t£. x 4l"^-.tl) = cLa^t^ /oj}JI (jjj = y 
T/<u-u/(<u>- 4 ji hJlI-JI CjI Jl>-jJI j! T/Oj-u/jj-ll J 4 S I La U CjljL>-_aJI (J o t" i n" d<jjJLI liJT £.^j}\ (jjj-I' (J-uLlSJj 







Low temperature fluidity : ijuaiitlil «jlj^>Jl ^L»-j-> 4- ^jj'"^ 

4- Pour point (— )L^r» --''VI i»-j.i AjiitL-uJ La ejLcj "^J>M 4Jr <>>fl J I (_jLiaJMJ 4_t3L^=JI 4Ja-u_JI 

Oj}JI 4-Ijj i nj i il^-. , ,,'tVI 4j>-j.i ^U La 4j9}L»-!I jl *$\ <■ 4 ua^Je-UI ajlj^>JI CjLj-jJ JU£. 4J0.L1.aJI JLl il^jJI 

(_i>. Ojjjl 4 ^- '^■ a Jl <LlMi ii )l ^_ OJjJI j o" i ii I CjjjjJI jj^a j_<il^= (jr^ 2 - J^* * ( —*dj O - " ' ^""-'J <UjL) <r 1 1 njt 

4 ^- uaJ> I (j£. /*3LiJI l£j-2JI ilaJLLa jjj-^ '- '.' ' ".* ^J-Jjj 4jL^3 ■ aJl <*-»-J-S (j-« J^l ajlj^>- CjL>-j.} 4_ 

Pour point v i^,„wi ik2J 

Ojj ;_£2 (^J^il Li>jL>. ^_ SjIj^kJI 4^»-J-S ( _j^sIjJkJ (JjjLjJ9 I Jufcj (J j j i n"it I (»JlC <UaiL) J L<aJ Ji^- OJjJI J~>J-£ (<u-> 

Chemical stability ^Ijoj^JI oLiLtl 

aJLjJoj ^rt^-J- 1 Lr^- '— ■"£}"" >_/ - -1 J^~* <-^-iLuJI ' **j"'JJ a t , „^-.\t t OjjJI <LajLiLa jjfc ^^ Ll»_i^3 1 1 CjLiILII 
7, l . ,,^— iVI *_La CjLsLiisI a I JlJt" i nL) OjjJJ /— ll-L»-l^3JI CjLiZl!! «^j ^j^— » i 'J I Jufe 4 i7^.j^^=ilJ 

Thermal stability i£jl>»JI oLUI 
4_u-aL>. (_yAj Thermal cracking SjIj^kJI <J*ij oLuj^JI jj^a^=3 iajLH oj)JI aJjLs jjb ^jIj^kJI CjLAII 

^jjj^— ■" (Jjiaj V (jr 1 ^' CjLaLiis^l Aljtitlij/I aLcljja lai 4JI VI £ Cj La Lis V I a I JlJcjjjj Li LflJ-u-aJO ^j^— > i ) V 



Anti-wear (£>-J! *-ajLLa 

<LloL>- CjLaLiisI a I JlJt" i nU (JJ^-JI <LajLiLa (<UJJ jj' 1 -^ = J- :e -^ L-" ~" ' " L^- 1 t — >i ^ J>L i L*jl-iJ j-JJulII i^J-II OJuso 

Foam resistance ^jLcjJI jjj^aj LojLLa 

^j 'j ^-»" i>3jLLa (<ujj ' ■ d ^~~ '"■*■ t ,1 «.ljj>- ^1 Jl dujJI ^j^a 4_taL^= 4_ui^= (J '^" V j—ILlILij 4 )l ^— » i •■ )l a d<jjJI 

.llUJlj 4j-aL>- iaLiisI A|jLJr"iniL ^jLijJI 
tAj^sLjjLajjjVI i^=j^>JI J2Li JjL-u 4- L&j-^Ijj t-^l^il LL_aj_<iJI tjLa I jj 













U&uUpjttl ASjJsJ I Jifllj UJJ ^ Li>3l$J U^I^JI i»j$jd£ll 

4^=j^>JI (JJL) A-a^l i nt 4_u_ul_iJ9 ' <tl^-i"-^l < " 1 1 A , ^ I j ^ | j Qa^a ) (jl - ^ 

< 1 1> i n" llj (Jj^-jl J-iis « JtX>. 4_)l_4J>- - T 

A-ujjLuJjI (Jjt (""ill i_3j)j_Ii CoiJ CjJJJI (_^a 2 la 2^£.^jl | _j^^^*- l /yic. (J-a-t-i jjl - V 

A^LioJI LajLi^Jlj 4_JL»J| SjIj^>JI CjLj-jJ IL. J.q-*JI J if c_<-<-u l_ajJ I Jjj^— " Jo-is 4j|_«j>JI _ £ 

2jJJ9j CjLiILi 4^=^>JI (J-2-lJ 4_l!ui «■' -il ** \j J i " j - ;^ JS - ' - 

4_d_daj 4 ^— >j >i 1 1 JJL) 2j^>-l «.L2jJ J I (_£-}j-> La-a I ■ „^-.l",lt 4_lILc <LajlJLa CjI j ,jj^~~ ' ' (jl - "^ 

(j^Ltll jj^a 2j_t±^= 4 ^^-- , ■"■" *-« (J^oLtli (jl « jiali ■ •■ ) ~ V 

a , >. A -»■ / 1 1 2jl^>JI CjL>-jJ JulC 4_u_ul_La 4jj^ < " CjI j QJ^~~ ' ' (j' ~~ " 

4_^=3L_uLaa3j2l 4 ^— >j *>■ 1 1 (JJL) sj^>.2 jj-Laj_pj CjojjJ 4_uuj_LflJI (_^a-il uaJ^JI Tciisjj t __ r J LHJ 1 (JjJu>J 

^jtn.tl ^j^JI i^j^oJI Lglajis ^1 ( DEXRON-III ) T jju---'^.' s ojjj ( II-D Jjj-^jQ 

.(< | 3-J_2>-'- 1 / fiij^* - '.""ill Cjojjj 



DEXRON-III tjjjM.^o 


DEXRON II-D jjij , „^-, o 


4_oL)^_uL!l (_)^a-ll L^>JI 


\A*nr 


\AVA 


f <M o jjc ^^1 ojjJI 


\<\£ 


YU 


f ° (JU-iiVI ) j^J^jtl i»-J.i 


TY,«V 
V 


rv.Y 
v,w 




m 


^oA 


<L>-j)jJLJI (J^aLta 


£Y- 


£o- 


j»o (, .,~\\ ^ - ,i^,,.,;v| z^js 


J-4^l 


juV>.\ 


(jI^LIj jLoi-MJ 4" i^njj-aVl 4j*a*JI ) oj^l 


VY0« 


VYo< 


(» ° >A" JU£. 4^.J)jJL!l 


n,i*< 


n,£<* 


(» ° £ ♦ - JU£. 4^.J)jJL!l 



tA 







^j^.1 , ^."al 1 1 i>. J AflJLl 4_^=LJjLajJJ^(l dlUl^ I II II (jj^LLLgl CxJJ^JJ AJ-2-1 j-^SLJJ La JJ J 2 I 4^=J^>J I (JJsLj (JjL-U 

(JIjJkJI ^_ Jl>-jj OjJ-II Jj_j-uj <U^sL>JI CjI -vi Liallll (_^Jaji ' 4- ■( a j-*-^' i^3 JXja 3 ^-^R^h^ ' u^" (j-* 3 *j'^-*^' 

(J^U (Ji>-IJ ^JJ-i tj -1 < ~~'V <LpL) -ij-*-! OjjjJJii Jl*-)J Ll I I ill 1-SjL > jj^-- > ' «.LXI (jV JlJ_)_lLII (_p3J_i-l 4^=J_>JI 

(jLLu/^l I aJjj uLl>-I jl .JsjJLI IJLJb *-a OjjJI j_uj/l_o-a lLs-Ij Jtlc <>LlL)2| <_o.jj /-^sljjI ^j"jVI 4^=j^>JI 



Cr- 



jLojjjVI i^aj^>JI (JJsLJ CjJJ (_gj"l ( ii a (J-uLl3 



I jjj .4-ajlii^J (jr ^=LjjLajJj^l X£=a j^tl Jjslj dljl A^e-i-a jl a '>-t I JlX *^a 4^=j^>JI JSLJ IL. Jjl mil ,_£jl^a 
(JjI i nil (j-aX ^j-uLiio a I JlJt" i nl (_o.j .OjJ-II j-i-LtJ Jtlc 1 . ^ j . -^> -^ .& oJSj ^j ^_ OjjJI ^£j~ i u a jjiflj (_o.j 
(_o.j /— ^= ljjI ^j"jVI <l^=j^>JI (jSu OjJ i^j" i n a ^jjjLlSJj .OjJ-II <jlj^>- 4- lP' ' "11 i£j" ' " a L r ) J '" ' a (j^stAJ 
Ojj-Il ^$J~ i n a ^jj/LjS Jtlc 4Jl jl .-SjL t-l!j^>J, jjjjLlSJI {jC ' ^"'"-J (_y>-\-uj i_l!j^>J, ^jjjLlSJI (j\ ^J\ i>LuJzl 
Lai .Cjj^Lc-iLa 4 nm>i ^—oVI Ju>JI ajLful ^gj" i n a Caj 0j^~" ' ' (j' *— '■^ ^d5^° **jJ ^* ^ 'f -^J" -1 l -^Lh >l ^'J 
(j-UjLi^fl (j-u jl j^,!^.^! Ju>JI ajLful ^J\ dujJI ^gj" i ii a (_L^u (jl i_-cse-i£ (Jj>-Ljj tiJj_>Jklj ^jjjLlSJI /<sj Ijl 

^j" i ii a ^1 Clijjjl J i^aJ l-Sj; i n*^ tiilj J Lax lit 4J2 (jr !Lc.2l Jlj»JI 3.3^ < — *d>^' i^jTu-u-a ^«-a3jJ "i? (j! (— ajj 
I jlj a V i >» 1 1 Jjj^Ia ^j£. VI 4 *^— > a jtl oJlA Jl OJjJI (Jjj-isj jj^? 1 ^ * ^^ .(JjsIvaJI iaj^^lj i _paj|j^JI icjjjjaiA 
a Lta-dJ ^j 1 1^-» ( _L=al Mia (_ i i i n" JljJlIcj 2j£.jj 4_uljjt> CjUlLl^ CjJlJtji ii JjljjjJI /t-aj 4JL^ LuLaij Lj-dl J-^aj 

. (jr ^=L ; uLajJJ^I A^sj^kJI JJsLl! /ojlmll *lj^/l t3^»JJ (Jj 

(j_a i_3jJi (_^l Caj 4jj_«JI (Jl ml i nl aJL>- -^ JJ^~*"" " ^ ' a ' ' ^^'-^'"j (j-l2JI ) (j ,, ^~~'J^ '"?" OJj^> 'J*~ *— '-^ 

4-U-u La j-pAJ (_^J-Ilj <LJLiJI i_3jj_laJI 
4-JLJI j-uaJI ^Ll^ da> Qjqi 4. Jj^-t'U ^IJl^I^VI "^ 

4j_ala i>.jj T Y jl Cu j'' j-£S ^>-J^ ^ * (jr^- *jl>^' *^"J^ J '-"" La Jtlc - ' 

Ijl^ Sj^yi jt LJL^JI JLLUI 4. -V 

^jjj ^-— »" a a jj ' ^ i S jj La^-a ^><J 4_j^«J I J 1 o t" i u I 4J L>- 4- " 

. t 3LiJl^jU c U1 f 1j L i e ^Vl4JU4 -° 




^.5* 



jjjJ! *_£aUJtl 



.c^ irT>p II 1 1 1) n i Hi] -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 




(Y)3>i2}IJ2i 



^^j^^ f Uijai 







i~<l al g ,^.t S A l~ A- ^ Lcl_jj| l_*JI_Lfi> (j| L^=ljJjjJl_i-JI Cj Ll_<-u L-u I (j-4 4-Lll (rltl 1 i"l M'lj-S i4- ^J-^ 3 - 5 ^-^ 

(jVlj Switching valves cjUU_^I ( JjJljj) tc_uLLjj Pressure regulating valves <W* .Ml *jkn 

A_ Jaj tJaJI ^j-* 3 ** Al"-»^ f"'j->' 4j^i3 ^_ ;jl i^~ • -»"" '"" al ^ ,^.tl ^j_a (jt-C-J-tJ' (j->Ju4> (j! ' *^~^ Lr^- •— ^J-*^- 1 i— Sjj-u 
^yikj 4_i^i3_uLajjjVI ^jj/j_pJI JjjjLLua ^_ JlIjjJ (j| ^j^— » i ' (_£Jl!I LLaJLiiall Cj^LjJI 4 ■} i ojj i>JI pljj^fl 

Mainline pressure ^,-^i-ujJI lLsJJI . U;» ^ -^ 

Throttle pressure jjUJI it->;<^ -^ 

Governor pressure ^kUI .U;<^ -^ 

l_y&Ju 11 I j uaju *_« jjji^l J_1lJ i la a » tJaJ I 0j_& (j| i_i_i£==>j i la a » uaJ I oJ-tb ^ys\^>- jU^aTo-Li J > i u ) i_3^j_u 

LJaj-t-Lo (jr lc Ji J i -** *- II <4- l - iLC ^ ' ""< I fe^g (jr^' J)Q J(ilt 1 a^la 4 Al",^-tl Cj La La_i-aJ I j t(Jjl intl Jj^JiIiJ 13 ' "J lP^ 

. 4 ii I" se U (j-tj t~~A\ i_3_ajJa (. 1 1 uLij /-^3J 4 Al"-»^ 

Mainline pressure uJjiU^^ajjJIiaaJIkii^- ) 

(^lII Clutches L> a_i Ij-Hlj Servos SjjIjJLl p^-n^JI sj-g^-f £_aljj ) Apply devices j^LUI JjL^j 



■<jr- 



_jl p ^— » ■»■" 11 JaJLia (JILa i^j^>-l g-l 01 11L1 <j 1 iu sjj\ Ja->J I JaJI iJaJ (jl_L>-2l ^j^« ' ^- > 1 i*ii" '**" ' i ~"J pLu-a <j^** ' 

.jam .u;, mi 



r^ 







Throttle pressure (pLfti I ki^ - Y 

i_l!j^>Jkl ^j_a *G1_LJI a}-*-!' 2-}LjJ_) J I t-l!j_>J,Lj JjjL>JI 4_^l2 *_a J I _}j_i i_£JJIj j^^st-J jj Ji-uk da-Lia _a-4> 

JaJi La ^j-a ??- L -<- ) J^-iLajI ' la » i a ^j^"*** - * " J^-iLajI i la » 1 a ClJ^"""* ' ' ^^^^ d_!^>J,' /y-Lc (J-g^vJI .jj^""* ' Laji_icj 

(_£JlJI (J-JeJUeTLl I f-\ Jj (_3_J^Ja ^j^- Jl ^ ^ ^~* j *~~^ j a f-^'JJ ** ' 'J.' Jj-lLiJI ,»La-La ^_ p ^~~ LSeHJI j^— » 1 'J 

.i_l!j^>iiL) ( <-Se i nil 4_i^a-j-ll ^j^a .(JjsJLtcjJI l^iii 0j\ i_£jj^>J,I <- cSe 1 u < (j "*sj 

Governor pressure piaJJJ .k; <^j Throttle pressure JJLJJI ,Ui ,^ ^ J_^= aJljc".-^ 
,-,i ; ^-.jti c-Ll^s (_>ia-tj . i^ljVI cjUU-lo j| Shift valves >u-<Tl!I oUU-^ 4- o^ L ^= ua cr^ 1 j^^l 
.Modulator pressure Jji*Jtl it^MI Jla ^>^l *U^Li jjUJI ik; ( M jLp.^1 <_>^ '4rji'~"~ 

Governor pressure f&Ul k&d - T 

i La -•- S I JaJLLa jjk LLaJLuaJl I Jjk ^jj/Lj/Ij 4 ■ ^— >j 1 1 kcj-uj 2-SLjj *-a ■^'■0^ l^^'J ^^"""".^JJ Lj-A ila-Lia j^k 
(JJ9u 7TJ^>- ^J-»g (j-« Jl JlJ (_£JJIj i_£j^=aj_tl JjJaJL) (J-a-tJ ^Ja-La jl ALjj-a ^j^a /t3u j-<k JaJijJaJI I Juk .(-^u-UjJI 
A- 2ji^>-jJll ^j .i \\^~ 1 1 1 ^_ p^-»-»"H JjjLiJ! i La » i a *_a p La * LI da-Lia aJlJt" i njj ) _ / ^— ljjI ^j"jVI 4^=j^>JI 

.4_»-lj2l CjLaLa-i-a 

Transmission hydraulic pumps (£u UpjV I %SjJtl I JS LLJ ^USyJj; JUAl I <LiiaI I 

^j^— i 'j a V i >» 1 1 r-LxJ ^]^ ^yik ^y^aijjLajjjVI <l^=j^>JI (J^u (J-Li i*ii" (JLc (J-<3-*3 ^_jJ-I' ' La j LloJ I )>_Laj>- 
^j^aG L^SjLg (JLc !«_2j ^_joJI (jr^J 4_uIJlIuzI 4 ^- i a 1 1 a , ,"\ \ a ih| Jl>.| ->1 LaJLll 4_ (jLlJtjia-o tiJLak (jj*^-*" (jl 
(J^ta jJj^La ^2>C Li!j^>Jkl jj^a I j"^~ > j a- Jl>-Gj A • ^— >j 1 1 j-<-uj «.l_ul 4JLa^=G j_^=ljJ j j JlOjJ I a LLa-dJ d<jjj| 
LgHa-ilaa (j| (^^-Lt-a-i j'jjjJ' (]>C. I a a j" a Li!j^>Jkl jj^~~ ' ' LaJtlil VI (J-ajG 2 (j,^ AjjjLlII <Lse-LaJL I Lai .aJjlII 
Jl>-Gj /— jt-uiaJl Lkj_<-uj i>-La-i L^J (_LL>- OjJl>- Jtlc 4 ■ ^— >j 1 1 j_»- Jtl£. > _^^— '^JJ s It <— ■ *d>^' * ' a D A - a '-^ ''"'^ a 
A^»-jL>JI 4^1^ i ntl ^a-aX 4jL^J (j^C- ' '^~~D ' o^ - *^"' ' ' - ' Jl Lt- 1 ^*- c^Li- (j-"JJ (j-a I j"^~ >j a- 4 ^- i a I , I tfjub 
4jj^=jJ^I SjjLIaJI Sj^JLl (3a-«-l i^JJ' pJa-UI JJLliJ i_5JlII j^k (jjyjJI IJlAj <Ulj_i_uJI JIJlC ^j i i u a ^j^a (_)j^JLi 
x_a Li!j^>J,Li d<jjjl J>'^' (jj JuJtJ Jlla p La * I , I I Juk ^j^a I j"^~ ' j a- AjjjGJI 4^e-LaJL I Jl>-Gj p La * 1 1 da-Lia JljJjI] 
I o^-» CjJJJI (_p3jjs^ (j-^ '— ^i>^' J' (_pl ' " ll C—lSC-i n"< j_^2.4_uj/Lj/VI jl A-uljoj^fl 4je-La-aJLl 4 i i nitu ■ )\ ("ill pjj^a 
rlUlQ CjJJJLI (j'j^>- jl f- S J~ ' ■• -1 ^~~' j-p-t-l 4jal > ii 1 1 ljuk OjjJI (_p3^>- .^~ Y J^— » uA\ {_ys Tcj-aj^a j^k 

_ rt . 






ttt 



SjjSll J2j 







4 '-1^— 7T-LU mV 4-uLso^l 4_oJj^/l Olie uall ) 

t_ w ****"*«' *** 



(jr*-^- 1 (^ 



xjjUjjj^I a^3j^»JI JaLi oUc^a .reservoir 



OJJ-II jj^a 4-ti^aJI 4_l«^=JI (jUs 4-ScuaJL I kcj-uj 2-iLlj x_<^2 >>•! (.it<l fll O'JJ^ L) -0 'JJ J J^"""*^ 4_ijl i »" a 




^y^ajjLajjjVI 4^=j^>JI Jjslj aUai! OjjJI (jlji». ^ ~ ^ J^ u) 



rr 







Gear pump ^^pil ol J occaU 
i-^Li Jl jjiaJI jJii ^JLJI ,U;,MI ^Li ^ L^.j <( BT- Y ) '( AT- Y ) J^,t, jj^l ^^JLkJI 

JljLSJI jjjj^jJI j-fkj <i_l!j^>Jkl (j'jJJ ijLsol ^_ (j"*-*- 1 ^-! ' J^>-1 JJ^ 1 LaJii£.j >. it i ntl Jtl£. (j a a -»■ * I , I i La » i a 1 1 

4^=j^>JI ijjub .jn^siiil <>L>J^?I IL. jjJj ?-jLl!I ^j^pJI jjbj j^^' o- 1 !^' u^ ' l ^LH >, -'•' -^^V J ' -"" y I 

(j^-l-UpJ I ^L^= ^r '—'- LL ^'J 4-SjI I nil (j I ntl (j"U 0) i^-»-"it (. ,-!r ( ntl 4_L>- U ^j-« (_pl I rill l_3^jju (Jj^lt I ^jLLij/l (J-t^VJ 

AJj^jjI (Ji>-IJ Jal » uaj t\ ^j^a LloLLo gjjl i ntl Ju><J V ^JJ-^ O- 1 !/-^' (*-" LaJii£.j \1 £*t I ^jjj^jJIj JljLSJI ^jjj^jJI 
(jr^-S ajljjJI 4_uL>o2l 4 ^- i >» 1 1 i_ajj_*3 1 j.^** (3 -' ' ' a 'Jj i ~~' L^-f° ** "~ ' *"* ' (J-*-*^ ' * ' a J * ' Jl4 ' (j-* 3 -^>* a ^' 
JJl^cjo I j ♦ La 2 -i a J^— > iuJI 4-UI aja i •■! j "* i_3j_iJI <>Jl4>j °J3^ (J^ 3 4r Pj-^J }Laj i— 3jJ<JI ^j^a JJlC (jyic ^jTuvj 
^jjj_pj| (J^is _jJk a -»■ 1 >» 1 1 cLS^c (J^laj O-llUj jj-u^jJI d)' ' ' "I (J-* (j" l -^H'-"- a Q^~'' 1 " O^- 1 "JJ ' a "*" ' d - > '' ' '<[<-> 
jj^a (Jjl i ntl J 2j * ' lIUJljj Sj LaJI a t_<.3r 1 ntl ( _ 3 j^cIl2 (_yic (_5jZL>Jkl OjOJI Ct-u-U (JjLiLa ^_ JJJ3 (j^J 4-mAj 
jjjj_pj| ^_ (jl-<-"^il JJlC i jJj^aJa |i ivLaJ I a (. lSc i ntl /JlseHAj x-iLim i_3jJlII ^j aj< «" ) ij-LaJl Jl >. it i ntl 4_^>-lJ 

.('- it- 1 ntl a! ) ^ t-» 1 1 4_i^_ul A_ 1 -i Laj * a ' a j '-^"^ [" ." ^ ' J^>-lj-tl 
^3Gj tiltji^a .Cj-uJLi a jjjj_pJI (j\^ i _j^sjJL>JI jlj I -i 1^— > AjLajJLi 4 ^- iJa-gU 4_L0-re->JI S»l a^aJI J-^JJ 
1 La C I La j|j jl (JjI 1 ntl <L>.j)jJ dJLa I -1 1^— » \jjj£=> (jja^ie *"'^ Jj-LaJI 1 La C I 1 a J (Jjl 1 ntl pj-b 4_l«jjej>JI S»l a^=JI 
Jl (JjLaHJ 4_L0-re-r>JI Sjijj>JI x_a3^3 (jl > j^~' < ' < >-~i :> ' •— ■ 'Jd} - ^' J^- 1 ^ 5 J-lC. '**" ^- LaJJ ^JljIi J 1 la aj IjwJj .JjJaJI 
La JjLiJI C-^JLajj (_Lujj*i!l Cr ^j^=j jJgjJI JjJiLli-a 4- '^^"^yi (^^ ^ji^^l jil_a-itl jjl i^a Lai / 'VA 
JlIc 4_uoL>. 4_^x.^j3 Ijlj^al ' t-tiSHJl Ijufc (.Mi njj .^jJaJI 'L^lTl3 ^Lal LaJLaTuI JlIc ^j-Ui-u^lJI JjlL-ul (JAj 
(J LaJ (jjJt <je-La-aJLl A-JL^aJI 3jj^>JI 4jca ^j a a Se *" La_a d'^il U1I /yj jj '.'^~* 'J^ ^i-Ug" 1 n )j 4 LaAaeJuLI LLaaJi LaJI 
^j '"'^— dlLJ -i^* ^4- ^-LJ'-lj^ CjLiejJai,l oJJb C(JX-li^> I Jt^S dltj )«_aj /0 * ^_a (JSi (Jl ; j ii LaJI CjLjejJaJ.1 '£— 

.<^^>tl\ jjuus^ ' •J t ^~~p~" ^- 4Jal 1 n ill ^ya «Li ^-LaTiJ Li |j-la-> 
6. 1^1 ,^\ Laj JjJaJI <L=tl2 aLo! ^j-Uj^jJI d)' ' ' "I L^- 1 (J -1 ' " ' '^^" (j- 8 7?-^LU' <— ^-<-tl I Ji-4> (j-« (_^aiieILll ^)^~^ 4 X J 
(j_ajJL>JI (j'-^ = ^ 'J ' " ^^^ajJLvJI (jj/j_pj| ^ I Jiir" 1 11L1 LlUjj 4^Ua ^j^a <Lllul) d^ 1 - 1 Laj isefiAJLI Cjljj-aVI ^j^a 

.i>-jjY * JIa^-jJ^ dA->La (j_5J-L»-tl Li'jj T3rJ-^ ^ LJLc.j .L»-Jjj^a jl I Jj-ia 



ft 



(^SdtJ^JUUIj* Haiti 



ttt 



3jldJIJ2J 







^^jjJIJ^j 




' J *-uaX\ CjJj-Ji p7ajL>. 



i^jjji j^j 




B 



i T-^j * ' '*-* \ I CjjVji 7Tj!>^*- 



(J-Luj^j (j-a > jj^~~'" 1 " 4 Laj ' " ' (j-uj)^3 A Se < ia a Y - Y ( J^i3_£u 



Gear pump p^j^l olJoU-.^U ^jS-T^J 

(J^ta 2j-i^ 4 La i ul aj i_l!j^>Jkl ^j^a jiJlJ (_L>-I jJI ^jj^jJI T ~ Y J^~* iuJI (j-a 7z-us^js jJt I o^— i a ■■»- , >, 1 1 i_3^Lc 
<L^=j^>JI (JSlJ Jl CujjJI ■»■ uajj <J-a*3 2 V i ^ 1 1 jjLa tiJj^sJkl jjJiJ La-Lpe^ .dJj^sJkl (j-a jlj3 <jPJIj (*j-*-^ 

-uLajjjVI 



■<jr- 



*_a (jl 2 JuJ» a (j-\_u/_pJI (j-a <_}^= .(^^jLJkJI ^jj^jJI sj'-S] Lr^- (J-^-*jL? *-£-J>-»«-tl ^-J-" (J ■■**' JJ^- 1 (yls-lJJI (j-upJI 
j^k I o^— i |_£jJ>*VI 4_l>.1_LII ^j_a I -i ^Lu p'j-3 Jl>-jj jl |_£jj>-2| «L^s*JI ^j^a jj^L«-iiAlaj «Jl>-Ij •*-^>-l-J (j-a I i j '--♦ ' 
'£— !'■>■ i'^W o'jJt (jyic. (j I LaJ Jt^j J^— > ifqJI £yi -K-i^yi _jjfc 1 <\^— - !'•*■ <'^\\ i_3^Lc. £_ ^^LJI *>^' (J-" 7 c - l -^'j 

.LJ^LJI *■'■*■ uaJLL (jLp.afl (j^«; 

Ttjislj jjfc I -i^- 1 (plj-aJI) (Jl ua-dJ 31 4_LaJL) _Lt£. ^JaAseJ a JaJLLa ^ aLaJ^a jj^~~ '"'"' (j-uJ_pJl JjJ>J LaJtl£. 

J^£. (_pa.fl.SeJ a *> LaJaJJl <?_L<& _Lki i La » i ia 1 1 <je-ua^ll >. <-r i a] I 4_l>-1_L) <UaJii] I <>Ju4> (_, a ' u3a Y~ Y J^— > igJl j-a 



r» 






ttt 



t - SjJLiJl J2J 



jaiaftJ 







cW ^ 



I --ti • ii -ti OUTER 

jUuJJ l^-J-^ 1 ch^ 1 DRIVEN 
GEAR 



, >^^T - < ,a lUii^s 4 <iU ifl 




' J * ' ^*» U Cj-JjJ' 77 5>J>«. 



:*j)J1 J_$io 



LOW-PRESSURE 
AREA (SUCTION) 



(j"U-u>J m-« ^J4=3ljj /)j/a>H]l 4-3&jtia^a V T J^~* '"' 



rn 






ttt 



SjjSll J2j 







Rotor pump SjIjjlJI a.^.^t,! 

j^k (j- 1 "^- , >.t I jj-U i_3^Lli>.zl . L$i>.j_lu J^jl i ntl ^jj/j^lll Cjlj 4 ^- i la I , I <J-a£. |ju-a (j aAi ' (J-a-*3 ajljjJI <ie-uaJL I 
4_^_iisjJU /y^J 4_i^.jL>JIj 4_lL>. I jj I (jj/j^jJI (j_a zjtj ,y>.jL>. J^>-tj (_L>-l-i j'j-i Ui SjljjJI 4 ■■»-,>, 1 1 ^jj 
JliJjJI jljjJI .(j^/JpJI Cjlj 4-Jr <>it,Ll Ji^a^all (^^LjJI *j^>il L&> (j-uJ Air <>it,l tfjukj .T - Y J^aAIL) 
4£.j_uj !^yiJu-i JjJ^i (_L>-IJlJi jljjJI .dJj^sJkl ^j^a jlJJ <_jJ-tlj (0-*^' (Jj- 36 - 4 ''J-*- 3 ^ La i ul aj Li!j_>Jkl ^j-a jIJlJ 
(JSlJ JJ OJjJI 7c_iiajj (J-«3-*J *L2e-uaX I (jLa i_*Jj^>Jkl JjJiJ La-Lpe.3 .(^y^jliJI jljjJI 2jl.il (jyic Jjjjuj tiJj^sJkl 
A^J>JI jj^a jiy uaALaj «Jl>-Ij A_p^-Lj ^j^ I a j '^>» ) *_a (jULcaJL^a (3dj'jJ^' N *""' Ly^^rP' ^j"j *' 4^=aj^>JI 
jj^a Lai .IJl>- j-Lt-LO La-^-LjJ Ji^s-jJll (Jjl i ntl (0-3ej>- (jb3 ajljjJI «.ljj>-2l (jj ifuJLJ Jtl£.j 4 i ..^-»1 » 1 1 ,_£jj>.2l 



■ )-"**"»• ' a 



Jai. 



-a 4. 



iiiaJ 



<->> 



^=: 



^LltLlJ jljjj p'j-^l (j^ ^ ,,,^—Utl 4^>JI j| 4rtu,i«U j-t£ (^jaVI 4_l>-1_LII 
^yic (J-4-*3 i_3jj_o <7jui (j a a -*■ * I , I JaJi tJaJI 4 2 La * a j .(jjjj_pJI dlli 4 ->■ < ^ 1 1 ^_ JLsJ! jjk I 1 ^— ■ CJ ^— » ■"■" JJ9 
(_Uu>o L^JLa 4 ^- 1 >. t It SjljjJI s.ljj>-2l (jljj-i J I > 0"" "I /^-^J 4 ■■»-,>, 1 1 (Jik-Jua <J\ jjlj^>JI ^j_a gjjl 1 ntl i.iThi 
a ■■»-,>, 1 1 ^j_a (Jjl i ntl ?:>-><;; (-JLltuj 4 je , >. 1 1 ^jjxja ^J\ La-^-Lu ^»>.aJLI j il^sJI plj_nJI (J^L>- *-jLtl jl (_pl 1 ntl 

JaJLjL. 



^yj.jLiJI jljjJI 



1 ^3 JI J^ J 




ROTOR CLEARANCE 

INCREASES 

AT INLET 



ROTOR CLEARANCE 

DECREASES 

AT OUTLET 



(jjjlj-i (j-a (jj^~>""< ajljjJI iiejJai.1 V — Y J^-i i"i 



jLlla (^y^-jli^ jlj-ij JljLS (jrli"-! J j'j-i 



I T-^J • . >* I I Cjjjjl 7i$y>- 



rv 







IttldJI (&U uUUld 4dU&l 

' _)j I La 1 , 1 LLaJLiaJI JljJjjJ <ie-uaJL I TtLjJ (jr^ 1 AfcH*^ (J^'t 1 ^^j-* jj^~-J (j' S- 1 ^ <J^ Lh° ^'^^^ I a^= 
r-LlJ JLc (<UJ (^y^a-ul *j"j^l a^—j^tl JILU i _ / ^— ^tjj .^ tl aLLa-LlI IL. Ji^-lS eji£. tdLub <jLa «-xLaJLlj 

jjjj 4 -* i >■ 1 1 tj2j i La » i a J I ra^jJa " sUxo -\J-^J 4r ij- 1 -*-^ f^LLiIll Ijufc ^_ 4 i j I , I .i^-uiJI aJJb (Jjl ti -»■<>» t I 
(jL^= Ijlj iie-LaJ,l (J-»C Jtlcj t 4Je-LaJ, I Zcj-uu JjJ-J LaJtl£. -il-SJJ ' La » i a 1 1 (jLa t 4-g.j i uJI luijj^al LLaJLia 
Jl i^-Sj -1 t-3a-<-u IJukj (Jl-^- iSj~ { ' " a Jl J '^~- ' " jJj^i' ' * ' '" (J" '^ ui> ^ J ^ L> - lij !> x *-^ a (J "J^J Ljju Jl-lSJI 
aI La-Ltl jj LajJ V (jy^- 3 *- p La Lj (jl i_cjvj i La i < a 1 1 (jLa lLUJJ ) _ / ^— jl *j"jVl A^=j^>JI <JJ9lJ CjlJ^^aJ, JJ^> 
J-&J JaJi LaJI AJaJ^a .aLa-Lis (Jjj-Li ^jc <>jL>jl j^— » i ) lj_4>j ) _ / ^— ■"" ^j"jVI 4^=j^>JI (JJ9LL! /— ^a-daji '.% 

.« 'J I la 1 1 1 Liai LaJ I Ji_J^TJ « )aJ-La_aj .»". 1 1 JaJUl I Juk ^.uilija '^^^~~ ' J '"'* ' 

jJ-iiJLJ (j-tj )""itl O-i^J! JaJi La fftj-Ia *" AJ_b 4_^=i_uLajjj 2 I 4 ^— j -- 1 1 J_iij <\x.^_aJ*ia A- J-iJ3 j-a I'l^^-i'v 1 i^~~* 
( jr JLcl LLai La j_a 2I i_J Lalj (JLHI Jjj i u (jyl*^ < ajL i aJI <L^=j^>J 4^»-ljJ,l iaJjieJLl «L3_ajJaj Jjt liiUJI ilajj-ifu 

a_l!L«JI cjLij-^oJI cj^?L^- 'A- L-)jJLLa^a JJai iJai '^ . Jj^l oLcj nitl (j lg j-tj ^— (^Ijjj (*j-<tJ ij>.L>J! j if 

AUaJ (j^a Jtj^La 4^=j^>JI (J^j jl^>- (J^L>- (j-« d)l ■IU«"tl ^jjufc 4-4-lUJ jJjLitil oj^ju^s 4^tl3 x_a j| ajl ji ail AjjLlII 

.Cjj^rJI Ojj JaJLLa < j la '" I j u ^— > Ju>J J-njt-a 

Pressure regulating valve JaJLuaJl ^kia j»U^ 

x_a (. i i nLu-1 ^_Tl>- liJJjj OJJJI JaJt-LaJ 4 LaAse-iJL I a LlulJI JjJu>JI £—. JaJt-LaJ I >ftJa-La iUxa p ^-— » *»■" ) 
d V i >» 1 1 r-LlJ (JLc- J-jJi^=) J-4-XJ L2jLu \\j^~,\ 1 o^-* i La * < a 1 1 p la-La aLj-uo jjV ■ 4 ii I" ie U (J-ti )""itl i_£_ajJa 
.t^Jb I -i ^— > a I o LaJ I (J-Q-tJj ^ i nj \jl\ Jai LaJ I i laj» 4 ■ oAj 3-Aj 4-mAj ^Jt, a\ -\ < ^ ' la 4^e-LaJL I ^j-u Jail LaJ I 

tiJj^jso (JLc. (J-a-t-i i~ Y J^— » luJI A— 7z-us^ja jJt I a-^a 1 La » 1 a 1 1 p la-La ALa-Lo ^Jl 4 ^- 1 >■ 1 1 ^j_a d<jjjl (Ji>-jLj 
al ^LJI LLaJLxa (j^lc (Jjl 1 oJI LLaJLia C-aLuj Lajilc .^ajLlII J^juJs a^—,j-^. Jois JaJLtiaJI pJa-La ^La-Lo 2_UiL^ 
1 La -•- ? I JaJLia S^jlj J I r-_aj^>JI 4^t!l3 ,j£. 1 a .".^— .It 4 »l A^-. » I Jl-lxj iJ1jjx-li i La » 1 a 1 1 pJa-La ^La^s Jjl-3 ^ajLLJl 
Jtlc dJj^>J,! JJJJ LaJtlcj 1*3^' (J3 ;;eja j ^^--j"! "j"j^l 4^=j^>JI (J^lJ (J! liilj Juu (Jilj i^JlII (^^i-u-UjJI 
IL. JaJLLaJI S^Ljj JJ LiUj i^JjJ i_3jj-uj .aj-Li^= jj^~- "' fl a LaJI Jl i]LujJ,l Jjl mJI 4-La^= (jLa aJLc icj.^ 
.CjJ^-II j_p3^>- Jl /Tj^ta ^2>^- ' '" •"■■*— ^ ' (—ILlILij Jl*_)I j^>j (_yic- ALa-LaJI lLL^jjo (JLc. <J-a-*-i (^JJIj a I LaJI 
<uLa-»- ^11 (jIjJkJI Jl Oj}JI f-^>-J iS-^Jl >— Sj-i-uj ( - ::j d>^' Ly s 3 :> ~ iJl <Sj^~i *>^ J^J^ <_pL<_aJI (jl tlllj (^yl t -aj 
ALa-La (j^a IJlj-1 /- i "j\>JI ' La » ' a 1 1 (jLa (_JLlILij 4 ^- 1 a I , I «LxIL<j i^JlII ^ulII i LaJi LaJI ^j-^ 4 -^ = w h >1 -'' J-^- 1 'j-^- 3 '' 






ttt 



SjjSll J2j 







2j^>-Ll j i) LJaJI JjLsJJ Jl lLUJ (£■$%-> Jul2 ajjI/Lva ■=> -»- < >-. 1 1 £yz (jL^= jJ 4JV 4-Se.tiaJL I ^j-* 3 (J "J^J ' La * ' '" * ' p La * " 
^yic (J-g-t-i Ltiajlj LLaJLca ^ ua£\ fftJaJj 1 La » 1 ia 1 1 AjlaJj iUj^ jLS LiiJS I a-^=>J . <U^=>j La^j j 2 I <L^=j^>JI Jjjj 
(JjJljjU r-LLa-a^a jl Jjjjso -»-l". A n ^-» J.aJLj LLaJLuaJI pfc<** -aLa-cis (jl /^J-*-! IjLifcj rO - *^ (Jj- 36 - ^J- 1 '^ 4jJ*-«j 

■ -1 .1 la " ALa_^> 4j I I -1 ^— * 
JN J-^>>-I' (j'JJ^ 'LJL*. 4r — ^■43l9 j9 (»1-4-jio j-d> (_^=LJjLajjj VI (J-5jJI <L£.jjj^Sia ^_ (__<-u-UjJI 1 La » 1 a 1 1 ^Ja-La 



JlJ£. Lai ((^J-^- i-Lai '^ £ cJ'j- 3 *" ) **-«JjJtl ^ 3 >^' / J-^J *^* U '"j\P^ 4-jJ-iTJI i-La ^ iL. C^jjjl JaJ 



«La 



(iSj^ LLaJLLa W ) 4-*j>tl 4j-ajj]l/ (Jisj YO * (JI^S"- (J I £-"H>J tlaJLuaJI (jLa R ^ Al-^-tl Jj_u 



,. 1 nj'i ji\ JaiJl Hti >i 



f j*JI Jji^i Jl 




Shs 



— T 



pneasuHi REeyuiTon valve 




g^uijll JaaJI Jai^= c ^j| j^j ^^^ 



(JJSLJ 4r L? ' "j\>^' L «ai<JI Cxjj ?T^>>- p '-^* ' ' La » 1 ia 1 1 p_uaJ3 auz-us i~ Y J^—' ■"■ 

Booster valve jj>UI aU^> 

( S^j-LaJI ^_ (_Uv«JLi AJjLaiLi n 'j^""* (j_a^a_i jl (_o.j (_^u-UjJI 1 La -•- II da-Lia (jL2 (J-ii )""itl i_3jjJa .J'"* ' 4r- 

i_3jjJa (JILa tluLa i_3j)jJa ^_ LajV (jj^~* ' (_j 1 "j\j-M LLaJLLJaJ I 2juj (jl t _ 7 -Lt-a-i 1 La » 1 ia 1 1 A-tla-ij a! -i '^t <LoL*JI 
ilaJLuaJ I (jLa 4JL». i>jub JLa 4JL»- '2— ''lj>illj 'j ^— ,_Lv»- Ccjvj JLc (»j-CJ A ' ia a Se * 1 , 1 4-g.j mJI (jr Lc (JjJLifulII 
(jjjtj •- '^— ■ ll <LLaj.il/lj (_pa-i Ij-Sil (jr^- J-^P Lr^ *J3~^ P- 6 (J-^L*^! Ly^ 1 'j-^^ C)3^ =s - i O' *— ljvj L? ' "i\>^' 
jO-LajLX (jLa (-^ojjjJI Ja-j*]! 1 La » 1 a ajujjj .O^flallJl Ijub ^_ jj 'J^" -1 jj^~' ' ^j-*-!' (jV LiUjj (jVjjl CjjJl>- 
■ iaJLLaJI fuIaJj ->La.>^ ^^ jjJj (^JJIj Booster Valve JJ>»1JI aU-^ LjJjJ (jj^-»J 4^=j^>JI J2J 3>4^f 



r^ 






ttt 



t - SjJLiJl J2J 







j_u^JI ''-"■•-' I JaJLia oJu^J JaJi ual I <i J -^ '"' ^Uj-2 •A_>L^_i A_ .}^».jJ,I QJajLllI I aia. J>^>.^a jjjjtl'JI *Vaj^> 







\ < u. • . >. 



/- i in ^pl Ja->J I JaJLis Sju^J JaJi uaJ I 

Manual control valve ^jjlJI p^~"tl ^U^ 

A - Y<V- Y Jl^— j,^f|j <^a <j *,\\ < . ,.\',\\ *,~j\\ jlj'-^l jffi mi! gc-UJ (^gJJIj LjjJlJ J *J j*l v-^H I jufe 

■i- i i uLlil (j-l i lit" 1 1 jLjTl>. z JjjL-u-!! LuaX. 

C? OfWuru 




l^jJ^I ^U^aJI V- Y J^ j) 



(^SdtJ^JUUIj* Haiti 



ttt 



SjjSll J2j 







' T-^ * ' '*-* 1 1 *ui-Lo ^a aJu9 Cjj3ji 




4i]lkJl Ji\j^,\ J) 



Shift Valve ^1j)M jTjni"t| CjLaLou^ 

Jjj^la i^C I j^ a P^~~ ' "-"' '' (*-^J (jj i lit" 1 1 ^-cl<3 (r-^- (_J-«a-*3 CjLaLa-CiS ^_yjk _a| (Jj^jso J I ^-U-tJ CjLaLa-i^s (jr^J 

4- p^--"H LiUjj Governor pressure pt\;t l ,Wr,^j Throttle pressure jjJLkJI it->;<^ &» J^= 



(jy Ll^l 4^1j-i-ail j-4-tTi-I I ( (ftJa-UI daJLLa Jjj^ia (j£. ) A • ^— j 1 1 •ic.j-uj J ( Jitiitlll dai-La (Jjj-la (j^l) t-*Jj^>J,l 
Jl 4-g.^ i nt I j-uJlLI (J-a-<3 j-iiATl? I CjLaLa-ua ,Jj< i""ill i_3_ajJaJ LS-Ja I lj" ,a J JtJju>J ^j^~* 1 ' (J^^i' **■£■ > ' " *l _jl 
jj^a (_U>.J_) (aJa-U I daJbia A - ^J^~~' ,", jJajl JjjL>JI daJLLa ^j^a ( 'LcT ^JaJUl daJbia ,jj^~~ » ' LoJlIc (_ylc^n 
^Ja-lLJ Li!l_okj a I o LaJI ^^ \ i n< 2l i_<-)L>JI jj^a (Ji^-J.) (JjUkJI daJb a a j_uJlLJI ALa-j^s ^j-a jj^-121 (_ijL>JI 
^j^a AjLaJI ( jr i_u-UjJI JaJLuaJI Lai a I o uail JjjLJkJI daJLLa 4_^l3 4_l>.u ^j^a \ i u <2l i_<jL>JI ^_ pouisj^a j_j_ajJL>- 
(JjjJa (j^ 1 Jj J i ii a 4 '^—\j A~ Y J^— > iolII £— 7c_iisj-a jjk I <\*L- - LlL«Ji «L3eILflj| ^j^a ,_L>.J_) 4Jb2 JjjjJI 4 ^- ua * 



•f L 



Sji£.LJ3 



(j^a (J^= Jo-is j-i-ULJJ I CjLaLaj^ lLLj_>iJ (_ylc (J-a-tJj p la * I , I daJLLa .}! jj_i 4 ■ ^— >j 1 1 kcj-uj 2-sL>j Jtlc 

(j-U ^j^a udj^ejJ j-iujjjJI i La -•- II JaJLuaJ 7-<inii IJubj .* _ Y J^~* ■"■ 4r ■ n^~* ^j-^ »1 Jul JaJLi a a ^JjUkJI JaJLLa 

4_ua_>J «Q^=^>- ,jj^~" '"' J "-*^Jl ALao-is Lilj^ejj LaJtlc 4JI j^=Juj (j| (_o.j ./yicl •Lc.j-uj /yic (J J La->J I (_gji|_> 



M 






ttt 



t - SjJLiJl J2J 







JLc. JjjliJl ■-■»■ g 







LaJtlc (_<-u-UjJI Ja-i ual] Jaj. J^^' J V*"' jl ^ >- 'j^'' ( a L«-'-^ A - Y J^—' ■"■ 
jO-Ia-L!, I JaJt-La jj^a^-j^sl JjjL>JI JaJLLa (ja^a ) 

■kJkUs 



(jjjliJl h»i ^ 







JjjL>JI JaJLLa jj^a j_<^=l p la * I , I JaJLLa jlj*^-* ' LoJlIc * - Y J^~* ■"■ 
«U^L>- /- i nj ^pl JaJi uaJ I i laj. JJjj-l ^.u-tTd I aLs-i^s t-l!j^>i-i i_3^_i_u 

Throttle pressure jpUJI Jkixb 

ct_ <JJ9| j I (jyic.1 CjLc.j_<-u ^11 j-t-Ltlll Ct-uSjJ ct- p^— •--"^ <4- ( a ^'" ' ""' cr^' ' ~i * ' ^ ^ lJl> * ' J-* (3^^^' LLaJLLa 

J_ya tc-1'lIj JjjL>JI JaJLjLa •(_? ' "J i>Ji ' •**• ' * uaJ I p J '-^ '"' ^- S JlCI i u <il I aj 1 '^— » Cj2(L>. A_ a Jijr" i u ) I ua )| 

.JjjL>JI aLj-i^s JjjjJo i^C. «LtS p^~~ ' "-" '' pjJ _J ^ i nj ^pl JaJi tiaJ I 
a^C ,jj^~~ » ' Lq-Lta. jl JjjLJtU oj.Lt.Lo <L:eIl2j 1 ^"^ (J-4^>- CltkJ (J-l^jlIjI s-Lul jl <Ll!L*JI CjUI^ i oJI «.1_<jI £— 

<Lc.j_<_a] 4^=j^>J I j j-Lt-Lo ,jj^~~ » ' (3-iLJkJI JaJLLa j 'j^~~* l£]j^>JJ (JLc. (Jj^kJI (jL^= jJ Cj^(L>JI x_a 4JjLaiLi 



it 






ttt 



SjjSll J2j 







aJjlII ,jj^~~ » ' LoJlIcj 4_loJL>JI <Ul^ i ntl Jtlc jl CjljjL^e_UI (Jl ^ajt-LaJI *1_<jI y, jj£=>\ (Jjjseju CjjJl>- Jtlcj 

. Ij 'J^~~* Jj-iL>Jl JaJt-La ,jj^~~ » ' I) '.'' : ~~' 



Throttle valve jpUJI j»U-u3 

(^JlULi JjjL>JI Cj^Li^sj ^j-^ (l£JL ii jl N j o** ) ,d .;^~~'.; ^~'.;''' Cj^Lcajj f-^'JJ ** ' 'J.' ^r!^ p^-.-»".tl > j^— > i ' 

lj-Lt.i^i Li!j^>J,l (_yic (JjUsJI ,jj^~~ » ' I M~»-^.i-i!j^>JkLl (_<.Jr i ntl <U^j-)I jj^a (JieiiejJI ?"I-Sj -^a^J (Jd^* 3 (l^ j' 

lj 'j^~- (ja^aJ JjJL>JI LLaJLis (jL3j_<j^3 dJj^sJkl (jyic (JjwJI (jL^= Ijj Lai \j-iJus jj^~- _' JjJLiJI LLaJL-a (jLa 



jjjuus I- itt i nil <Ua-ul (_}jeJL>iJ • 

JJ~'\)*~~' l5 1 *'' Jj-iLr-JI ^L-vi^-i] »_L^jl ialiis • 


i ' ,t ~ i 3 "* ' '^ 




^Jl«l^ Jj ll "».U I U-> ■• ■ >N 



a •J=>- 



Mechanicclly operated throttle valve ^^aJL^JLl jpUJI ^Lm^ JJL^j <i>^j 

(_3jL>iJ <1 I i ^s" a ^^-.^il^-.^* Cj^LcisljJ X-3ljJ l_l!l_Lli>J 2*iljU , ,.l (Jik-lj 4 L^3J " «.ljj>-VI OjJti ^yi\ L^aJl a (_^1_lIIj 

a La-uaj <Lu=L>Jlj > i ii <al a I o LtaJI 'LcLs JjLs I ali a JjjL>Jt aLj_uoj LoJslj i_l!j^>Jkl ^J^~ ' ' LaJ-ut-fl .SjL i ntl 
<L^=j^>J,l (JjJlJuJ JtJ£. LiUjj JjJL>JI aVajus Ttla Jtlcj -(j, ' "j\pl JaiJl ilaJLLa i^sla (JLa^J (jAc (J-aJU (^JLiJI 

i^tla q£. lJlA^=JI Jl i^Jjj i_3jjj< Ijukj 2MjU,,.VI jg_ jl ,,m1I ^J\ (jJLiJI >Laj-i3 ; j^— .' f-^J^ f-^'jlP' ui^ 
■UaS-u I i>Ju4i Jtl£. ^ * - Y ^j*-— ."'II ^r i^- 1 j*l a ljJ, ll (j-« rrj^*'- 1 o' f-Ji-aJLJ tt a ' n" (—ILlILij ^_ i u^-avJI JaJi iJaJI 

.(3-iL>JI JaJLis ^_A ^ i gj ^Jl . l-» -«■ 1 1 JaJLjLa ?e-i-LaJ 



if 






ttt 



SjjSll J2j 







^jjr LsfcUll JaiLia T^j^iJI 4j^Iia 



j:uji 



THROTTLE 



OUTLET PORT 



JjjL^J! oj-^=u 



THROTTLE 
SPOOL 



THROTTLE 
d^Ju^> PRESSURE 



THROTTLE 
LINKAGE 




(JJLiJl 4jls1j 



o^ L 



(3-)L>JI aLj-c^J s^jJuJLI 'i^tllAJI ^yic J-<Cl<3 jj_iL>JI LLaJLiiaj <lu^L>J! ajl^IjJI 



it 



(^SdtJ^JUUIj* Haiti 



ttt 



SjjSll J2j 







I T-^ * i gs 77^_>JI *^cH5 



THROTTLE 
PRESSURE 
OUTLET PORT 



THROTTLE 
LINKAGE 



JjJLiJI ijLalj 




JjjL>JI ALa-i^a Ttlflj (jjLitil Sj_l±^= Oe22 Jtlc - <*— ljjL^= i-lx JjjL>JI ALja-is (JjjLiuj M - Y J^—' ■"■ 
(jL^=ua^/l jJlS (^yic jj '.'^~- JjJLiJI LtaJLis Q^auij }LaL^= 

Vacuum operated throttle valve Ji*lieiJ1 pk;* 

I j i u-flJ ( _ 3 _& 4 Ijt mi" <uij^_Loj /_ ^r i-LlL^a-U ,1 p la * U <J-a^l 4 ■ ■■* ' j-£> Jj-iL>JI iUj^I (JJe-LreTL? I p LaJ a J-a^. 

.^j-uj^fl (j-u i a I" *- ■ p^~~ LSellll aJL^Is ^j^— da ) _ / ^— '^"^~~ ^Ul p la * II (Jj-» <"i" A^jjJa 

.U- Y J^i,t,tl 



3ju>-j (jr uL>. Jl>.| .(jjajljj (u-SL2t». ) 7"I-Sj (jr^ 1 L5j^ >J (^^~~ 1 ' 



Jl>-j 



(_psj_ta r-ljjJI ^2)-° vi-Jfl i_<-)L>JI LLi-U i. i-a- 1 aJI 4j^jjI J^eJLjeli] «L^>«JI tfjub ^j^a ^-IjjJI (_p3j_*jj j^QJLij 
i_Li!o^=JI puJ (_j-l>- lIUJj a I uaJI (JLc. a a2j ^3|jj r-ljjJI ^j^a Jl>-Ij (_uL>- ^_ J^j-> ^j-^ ll III ;_£jj>JI 1 La * • ia 1 1 
LLaJLis Jtois ;_£^>JI JaJi iJaJI a (JJe-LreTiJI <*-i_a-J->t (j-a <L>JLiII |_£jJi]l fye^xji -^ 1 in^j-II 1 La -•- II 1 La * • a Amelia ^j^l 

.(—i-u^jJI iLajLuaJI Liaj. i^tla <JiJ9 (jr Lc J-a-til i^LJI 
J-lLSj ^^ J-aJLJ I jufc <jLa j^kVI (_uL>JI '£- l£>?^' .U:,V.tl rbjJ! <jr xJL>. Jl>»I ^i^. \jjl^= Jieliei! lil 

.(JitlitrJI JaJLLa J_ya Jl^ » l-£>^uj ^.JIjJLij ^j-^ )l Lll d^juJs 
Jj^2> (J-a-t-U (_y^-' jj^"'*' *J^ Lr^- J ' a "-"' •— Soj-u (jr^'-^'-'J ,j^^~- *' J^tiitlll ^jLa LiJj_x_aJJ J^l^—' (J-a^>- Ci->»j 

^JaAseJ ' i_3jjjj (J^eiicjJI ilaJuJa jjLS ^Ljjj (_}icJLitlII JaJLiisj (_^jj>JI 1 La » 1 a 1 1 



£0 






ttt 



SjjSll J2j 







(_JjaJI Li i >-*ll 



JjjLiJI hi i h 



JjjLiJI oj^=u 



C b J 



THROTTLE 
PRESSURE 



A la la II ^ L i a j"' 




MANIFOLD 4 M SPRING 

VACUUM W T FORCE 

> J. nil ^^joil j^i ,_ji (Jiiijll 



^ i ajJjII kaJI I-iti h 



lW' 



jUII Sja 



p*~ Lgeltil JJjLJkJI aLq-us (JJLiliJ (JieJLiejJI ^ Y~ Y J*^-* '"' 

Governor pressure pk;tl lLjLj» 
Shift k».lj)M jlj^tiUI cjUU^s 4- Throttle pressure JJUJI .'-~«.^ ^"^-^ j* 1 «ul N p^-" .U:,>> 

=_uUa3jVl 4^=j^»JI JalJ 4- valve 



CLuuJ 



i_3j)^Ji d)l ill-." a J^— » « sLajil JjjL>JI LLaJLLa x_a ciUjij j-uJLxll Oj9j JJlJso (_£Jl!I J-4>J 4 ■ ^— > j 1 1 •Le.j i u I 

■ 4.aJlJei,l Jj«u,i"tl 
AJaJJL I aJlJt" i n < .4jj^=j_U aJijUaJI ajJiJL) (J-a-t-i (_£Jl!I lLsji liaJl ><i-ka-i-a f'j-il Jl>-I Tctijj n - Y J^— > ■"■ 
jljj pJaiil (jLa pu-uj-II (j-a Ttjislj jj4> 1 q^-ij Spool Valve) ) *\ oi^itl (^^ jjiitlil o'jj^' 6-* (l^^-J-* 1 ^ 
(ftiaJJL I ) i _j^3L>JI jjj^jJI jIJlJ LaJtl£.j (_^=LjjLajjj2l 4^=j^>JI (JJ9u 7TJ^>- N J a-g (3-« JJ^- 1 (_>".>■* t3d>^ O^ 1 
(jljj^fl jl J"'^~" >-ll l -^J>J JlJ£.J 4jj^=j_tl aJjLLaJI S^oJllI (jjj-ks {j£. (j'jjVI lIL^jso O'JJ^' 4 - =6 tH j (JU^""*" 
.j-uJlLJI CjLaLjj-is (_y^- L ^*-li ^ L * J ^Al" 1 L^ 1 -^' *— *i)-J' J_3> AJ 7 1 " a ' ""' Lr^ J i a '^ Lr^ 1 ^A3^ "-4 J '-^ 



n 



(^SdtJ^JUUIj* Haiti 



ttt 



SjjSll J2j 




- DRIVEN GEAR 




MAINLINE 

PRESSURE 

INLET 

GOVERNOR 

PRESSURE 

OUTLET 



PRIMARY 
'WEIGHT 

-SPRING 



SECONDARY 
WEIGHT 






^j^ajJJ -SjlaJI (<Ja-Uj l _y>\->J\ (j-^lll Sjlj! ^ V~ Y J 



^-i.t. 






iV 



(^SdtJ^JUUIj* Haiti 



ttt 



SjjSll J2j 








^>j>J1 j^_*£. 



iLtji\ j^j 



\2il diLaLa-uo J 1 CajjJl 7Tjl>^>- 




jiaVi 



Sample hydraulic three speed automatic transmission 

L^\ <Jj*\ (j-a j-^ATlII Ct-iJSjJ cr^ 1 (J-* 3 ^ ^~ ^ j-^ATl! I aLj-i^s .j-iiATlU (jLaLa-ca i_*JI_Lii>^ - Y J^-— ■'i.tl £_ 

.( (JLc J] ' La i -j" a ) i«LJQJI J I j^LlII jj^a j_<_LilII 0-l2j3 (jr^- (J-* 3 -*- 1 ^~ V > 'J*** 1 '' j*!-*-*-* 3 V '"' ' "j" a ) (jr 1 ^' 

i-l!j_a^L) tillj Juu i La » i a 1 1 A-JaJj aLjj^s J I £ <K3e-uaX I J J (Ojj-tl (_ps^>. ^j^a i_l!j_a^L) i_3_a-u< (Jjl i oJI jl *-jLU 

<Ulj_<_a]l sj^l-S (Jl 2j_iIuLl>3 ((j ' "j\>^' ' * ' ~" Ja^a.) Ojj-tl JlIj-1 a I -i LaJI I Jli4> (_£jJljJI p^~~ » Jellll »Uj<3 Jj 

aLjj^s (_y ]_J (j->L><jl (*' 1 '<"> (JJ /y ' <n \J^\ <-LaJl ' a ) I jj)j_a-l 7r a i n s I tja )| (_£jji-ul p ^— »*»■" II aLj-i^s a , V- A -»■ * 1 1 

^ .^■<*l ^Jl SjL i ntl <Lc.j_i_u (J LaJ LaJtlc . Y - ^ j_oJlLII auu^J <■ <uj^=j-tl aJjLLaJI ajJitu <J-a-*-l (_£JlII raja-ll I 

dJj.j>o i_3j^_u I Jutij . Y ~ ^ <-uJl11 I aLj_l£> A_ Jjj L>J I JaJLLa (JLc t— <AATli i_3j i u p La * 1 1 i La » i a (jL9 Li 4.a_L3 

(JLc (J J uasell a JlCI i aJLl Sj^>. zl j_ic jjjLII u i uj-ij-ll LLaJ^JI i La » i a j I j-a V j-c-LtTi J I a La-uaJ <LuaL>JI (J_ujL^=lU 

J_a^.jJLI (jiajLlII .Y~ Y * 1 <y ^ 1 1 ^J\ (j i imjJI i La » i a 1 1 )<-jLa (_L2-<J c_3^u 1 ijaj| dJj_»jJI I juii .4_ulilll 4^1j i ntl 

pJaJi I JaJLLa ,jj^~~ » ' La Jtlc . Y - l <-uJl1j I * \jijus £—. o J^>-_aJL I a L»jLaJ I ^j^. \_£j^ < ' ~ ^-uATlI I a L«j-i5 ^_ 

(JLaTu zl >_ < i . nt i_3^j_u I Juk ^iajLLllj ^JjUkJI i La » i a ) 'L^oLjJI ^j^JI pj^j%^s ^yic- <— <-L<TlU i I ia I La a I Jut>j LJLc 

ajM i ii tl kcj-uj jij*—-" LaJiIc. .4_lIL«JI icj_caJI j^^*- ■ pjj j—ILjJLlJ AllILiJI icj_caJI ^Jl 4_uLlI| 'Lc.j i ntl ^j^a 



iA 






ttt 



t - SjJLiJl J2J 










RELEASE < 



PRESSURE REGULATOR 
VALVE 




SUMP 



iljjLjjjj^M A^=j^>JI Jjslj IL. 4-usLsl 



LT- 



t<\ 




^.5* 



jjjJ! *_£aUJtl 



.c^ irT>p II 1 1 1) n i Hi] -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 




(Y)3>i2}IJ2i 



; jj'>^' »>#»■' 



uJLUIJ*aJJl jjj yyy l jaiaeu 

Sj^ljIISj^-l ^ -Spill J2i uLS>«juLSjjm 




Apply devices ijj\^X\ij^\ 

(jr Ic j3jj ^pJI 4-t^a-tJL^aL-lJLl ii-U-ujJI -JjJiJ (jl J^*}U 7r a, i n" Lq-Lu s-LilC^M Jl>»| -- J ^— " (j| i-lLJLg, (_cJVJ 4JLa 

^^j L^aJjjjL-ub J_«ju «>ijJtl JSL^aJI ojjt, .Apply devices jjj til I aJLu-u^j ^ a >.»" ^jL^all jl L> iajl_aJi]l 

.(j-oljJaVl jjDLia L) iajlj2Jlj Servo *lj-a-Vl 7=j^=l3 ^pJI jjljJLl p^=^d!l staf 

4 .t^=L-J_gj Jl-lJ I SMjU ,„\l t Ii_L^l 4_2jjla IL. 4-1 1 miJ (_jiajl^UI j| jjlji.1 p^— LSelll i\j>^ ^^jUlIjj Jl-uJ I Jjiu.i'tl 
j_ul_l!L) AJ-dJ ^_jjJI (j^ (J-u-)L^=3lI,I ?T>^>- 2jJ9j /-^= '.^JJ '- r A Ua.Il I ^_ *-jLU LLaJL a a . L^».j-ilu J^-ll i aJI 4 La^ u-dl 

.^^jiajl^Ulj 7e-ll^-it,l (j-a (J^= (jr^- 
2j_UI jLfl ( _ ) iajl^ill 4-J • iLaj-iJI 3j^ i^M- J^p ^^^"-bj '- r TI 5 >^' <J^ SeiVO jjljll p-^=i^e2!l o1_iT 4- 
4_^=j^>JI J-JslJ 4- j*JLse^_uiJ (.y-JI (j-alj-SVI 4_Cjji^ta J? oL^=» mjJI <j_-a aJLl-oIi-u ^, If Jj}-J 4_^jL>JI 

. 4_^=ljj La jj j 2 1 

pu_j 4_u^3_a^=JI ^jj/j_p_II 4_Cjji^td 4- *' ua£.2l J^j>.| -- ■ ^—>~ i __^j__J 1 ( J_alj_aJI jj j_La j j j l|_t ' p ^— » -»" II aljl 

.jl J3 jl ?c i^aJ 1 ua if j^^ol^S^I JSjJulJJu ^j>. ilj^tl a allseJLl (^Ja-Lfliellll i.nni (_yic- (J J l/> ' > H 
aJJljlIJLi ^j>» ilj^tlj jj| %X\ p^-»-»"tl 2 1 Jlj (J^alj-oJI 3'J^ 3 •» (JJ* CifiW 4_2jpaj aL*JI p^-i ualtJl rj i"i < «.j_>JI I Jufc 

a I la * 1 1 «.lj_^>.| (_^Ja_5tJ I a taj pu_i i_3j_uj «.j_>JI I Jl-2> ^- ' i^ajlj J^>-l_aJI 0\ xi »' CjI j (_>ia-> I J— 5J I J ^^^alj—a^l 

■ 4ljt i"i"< 4^j^Iaj /-^a-J aji U n 







ANCHOR 
POINT 



J*> 



ttt 



Y -3>i2l!j2j 




jaaa.tJ 




«LsL2j^/ j^j-LLaU (jr >-jL>JI •»• La i uJI (Jj^a- (jalaJI f-^J \ ~ V J^— i ui 

Transmission bands 4Sj^J I J2J J«lj£ ^Ijiai 






(A) 



(B) 



(C) 



(C) 4-*j\) 2-ij-iLa jl (B) ^M' - 



9^ 






J*> 



rrr 



T -3>i2l!j2j 



jaaa.tJ 




Band designs L>ljill 3l>bi (*« 

/_1£. I a a j" ' I j La (_^l jLll>-Ij (J^alj-oJI ^l^la^ (_tj^=^lllj ptj»Jlj J^— » iqJI 4 Al",-»^ g. , r^-. pljjl i_l!LL4> 
plj-il ^J^ * ' t-i!l— <-a>J JaJ^ i"itl 'UL^J 2— "o±y>-$-a CjI i n syi^=3^ • t-» < j <" ^c. 2jLl£. jjfc 4_Laj_ii]| (_3^L> .aJjlS i lalLai, I 
£j_Lll I jufc (B)Y - V Jj^Jtl £ji]l ,y» J.V'M j^>j (A) Y- Y J^=uUI 4- U^-» O^JjjJI ^Ul (>a iiaj-iiVl 
r-j.}j_U *_a 4_JjLaJLLi ^aii-II .j-^ ^J J '"'*- a -U - ^' f"J-^ ' A£.Lul pj-tl' (j-a J-^J " i J JL i^ =s i£j& <J-a^>>-s ? - " " ' 

Y- Y J^slAII 4- L*^= *_-l3j_!Ij i LxaJJl fj-lJI (j-a j j' a d-Jlill PjUl Lai <iLa I Jua-" i n I <j-a xJLa V 4_L^=Jj 
ljj-U ' -I LaJI ^j-a ^^^JLaj-nJI Jj|a.Iaj| « * i -~-j^ j j tlLaJ I i_3Loj^( "j 'J^~* 2jJ9 JJ r-LirvJ 2 La-Lp. * Jiir" i u ) ^JJkj V^) 
sj-2-> 4_iig, ^pl- 1 *-a-i-L>. Jjzj—il Cj Jl^>o V ( jr ^>. 4 o o »^sa lt^J 4_i^=L^=lL>.I SjLa 4jj p-CU «d 4 _ y l>.l jJI -- La ■ aJI 
<_1UJl^= jj^fj—izl CjJl^soj LaU LiSj 4_i2jj Vj *j_>Jl_i jj uaj\ gj-seJJ i_3j_ijj Jj^fj—il J>j_»-j /y-Lt-a (j2 •- L^aJI 
/<UJ (jl_L>-^l <j^-«; 4-J L^J^ f*^- 5 ' k ." ^ J ^^uC <J1 ^-L>JI ,»jJb ^LlILlj 4_l^=L^=l1».^M ajU.1 (J^aLJJ LaJu£. 

SERVOS SjjIilluLJr 

<_Li»-l J t-dj^tjj (j oj ^-— a (jr-iLc _>J|-J ( - :: ^i>^ ' 1° * ' a ^^~-^^Jj ' j fl) (J-a-t3 4_^=j^>JI (JJslJ J_alj^ (j| a la) 

jj ^— j LajLJ£. J_a-t3 2jjljJ,l sbl .Servo ejjIjJLl 4_JLi ^ a < »"< jl j^"^* 4Jl^La^uaflj ^•■. , ^~- U 4* t ljU,,,Vl 



«^j^>JI x^Jl_u J)a_aJtJ (J ' ^-" a (j •■ ■ ^-— , V I .^l_ul JaJi La J_^ 2j_iu ^j ■■ ■ ^— > \\ x_ 3J aj_i j«j O-^J JaJLLa 



iUI 



.T- Y J^ ,t,tl 4. La^= tJfrWI t> j^>JI 



OPERATING SERVO HYDRAULIC FLUID 

ROD PISTON PRESSURE 




j j i i U 1 1 (J jjs^ 3 J Lr^ 1 'J^- 1 >J|^ i_3j^u ic ' J j J 



»r 



Sj^ljIISj^-l ^ -Spill J2i uLS>«juLSjjM 




Y«_i_u A (j •■ j ^-» 1 1 4j>-1 i n a (j| jLiTuiLi (JLLi^=J ' > aJLLaJLl (. i m-w 4 allied ^J-J9 (jr-^- UJ uaaeJLl 4 A !"<-»■ a Jjjj t-. < 

. Y/<u-u/(j3_a-U Y * * - * (j-u ?-jI^jj /- ^— » j ^jj J J J I JaJI tJaJI (jL^=j 
JjjlaJL) J . -»" 1 1 jj_q_tJ| Jjt (""it (j u-i ^aJLI 4 La i ul aj 2j3|JU a^SJI ,jj^~~ '""* Y/o i n/^jJ^-U * ila-i uaJI tjL^= I JL9 

(j u_l^3 I J 43.1 i .1 a ^_ ' 'Jjj ' ^ a /— ^a^aj, Li J I JaJLiiaJI t_gjl i uJ 

^jj^-u £ * * = A X * =4jLaj-oJI ^jb ijj^C (jr^ 1 *>*J^I SjiJI 

J I jlj (jr ^=LjJjjJt : iJI ' La ♦ i a 1 1 (jL^= lijj t _,*^~ '" ^ '"■*'! ^- 1 I jl j j^jjiaJ I <-SL3jJ (jy ic Jjjju i_3jj-u SjJiJI ijjub 
(jj^Lajl (_yic 2^3|aI 2j-2jl ' hjuus J I ^j j.>- LLrca ^j- 36 -^ i-l!j^>Jkl (j^a^_<j^3 (J^>.^_<jG C.Q.J Yrt-uu/ jj3_a-U 1 * * 

Servo linkages Sj 3 IjJL 1 2 1 j ? ^a I jjj o>U=. j 

.t/yJb I i^~~* (Jji i""m Cj^Lcaj (j^a p'j-il 4jljjI LilLubj (JjJLcuJ Cj^Lusj ^ ' "'J.' 3j ' ** ' ' '"*"' a *jjl§"^ 

Simple rod linkage type >^Ll« j>*c : JjVl £jill 

j_kajl ^jl^l\-i J i^i'U j-^>-II «.j-^>JI 4-jL#J Jl sjjljjj 3 1 _iT (j (i j ^-~ia (j_a 4 ^->j^>JI (J-iii! J>jj <if (j-^s (jj ^~~'"j 
SjjJlJ (_£JlJI Jj-a-tJI (jr lc. j3j_J (_£ JlJI (jou ^— 1 ,1 (jr lc J^J-J i_3j_<-u *-jl_U ilai '^ 0~ Y J ^— ^j £- V J^-. ,*:, 
^^— xil *j"j^I 4 ^—j^-tl JJsLj IL. aJlJt" mJ 2jjljJ,l Si j| Jj_*Jl! lLs-I m^JI fj-LlI I JLjk aJLoj-UI 3j-^ J-^ J^J-^ 

(j a p^*""" Jaj>- ^-J 3^_iIuLl>3 4_LuaILa »jjl lil 3 1 _i T (ja^aj Lq-Lp- 



«r 






J*> 



rrr 



Y -3>i2l!j2j 




ANCHOR POINT- 








jaaa.tJ 



4jLaj_aJI Jaj^ mi! j-iuLJU j-uLltl - V J^—* ■"■ 
<U-l^=^^=3lII ^jjjJ_pJI <Lcj_<3_3EA f 1 ■^-^ I Jl>-I (_ylc 

Lever type <*a(jj| ^Ijiei^L t^lMI £>tfl 

£_ ^ i^~- p.;*"' ' " a Jai. '£- l'u i nt Sjjl jJLl Slj| jj^~~ '"' LuJlIc aJlJt" i uJ AjlsIjJI tfjukj LCVCF <LtSlj aJlJt" i ii j 

.v r j^,i,ti 



8$ 







ANCHOR 



J*> 



rrr 



y -3^211 j2i 



ROD LINKAGE 
(STRUT) 



SERVO 
APPLY 
PISTON 




jaaa.tJ 



PIVOT PIN APPLY LEVER 



(jaJaJI a 3^} i oJl ^j-u p^" 1 ■ •■ aa Ij_i1uLl>j ^Jl >^" VI ^j 1 —^ ) (jl 
^j_« O-l LlLl I sj - ^? 1 ^ -L9~ > "3"' L>^ ^*" ' ' ^ J ll"io Jjj^la ^^C 2 j j I |JL I a I J I Ja-uis ^j^— » i ' (j^-^-l I i "I I ^j-LC j_LI I ^_ 

Cantilever type ^_^= :dJl!<J! fjUl 

sj-oj SjjljJ.1 al j| (jjij_^=ua j3J_j Lajtlcj JjjJaJI < _ 3 jjL^.J (jr Lc j^Jj fj-^H I Jl4>j Cantilever (^yJ^L^a a Jiir" i nj 
J^-* '"'" 4r 1^~~* (_)^ a -*-> /*-« 3 J Cr^'-# J C 4 - 1 ^ 5 (jr^- J-* 3 -*- 1 (jrl^^^ 31 A^J '-nini JjjjjlJI (JjJi (""ill N j o** Lr^ 1 

.jjjlaJI Ijl-J i La ■ » a jl <i i na J^-J-i ' ''•*■ jl V - V 



BAND 



CANTILEVER 




SPRINGS 



ADJUSTMENT SCREW 

AND LOCKNUT LEVER 



j^iitaJI J_o^. 3>^' Cr^U^ cM J^M L^3i^= £j~* £>* -^J- 1 "" V ~ ^ J ^""'' 1 



00 






J*> 



rrr 



Y -3>i2l!j2j 



jaaa.tJ 




Graduated linkage rod (^jjCLa ) J^ljil jjuOo j^a^ ^IjJ' g^l 

J^L-, ^J) '£_ 1 n ^— J^ LaJI ^^j-L^ lLsj tiaJ lLUJj J-»-IjJ,I IjJ-Clo I-Sj-aC a Jir" i nj 4-i^sJj Jj^M fj-iil 4_)Li^s 
jl <i i na 4_I (j iij tj Jia-qjtl] SjJljlIXi 4 aiaie 1 1 (Jlj_Ls 2l ^j_a Jlj>-Ij jLll^-I Jj-j^Ja ^j^l J;j ' * L " ' ' '" (£°J A - ^" 




jjjlaJI i La i ' ia 1 aJlJt" i n" <U^sL>. (JI^LsL) CjL>-jjJI JJLClU Jij_4_*JI pjj ^j^a j£j-uj A~ X J^— » ■"■ 

Servo struts Sjjljll sbl s^S 

^j_a 7c_iislj j_4> I »^3j 4 ii I" 9e U p^"' '^"" CjI j 4_Laj_<i]l Jjl^lal (JLc S^pl-tlj j^ i aJI (j •\'^~~' " 5^9 (jr^J 

A - t J^— > ui 4_ I -i^-— jjj-kaJ' cr4P*^ lJV ^Pj-" 3^> ' "^ ajJ9 jj^-— " JJ9J (jj-^'J 4jlsIjJI 



APPLY 
SIDE OF 
PISTON APPLY 

PRESSURE 




COVER 



jjUt| i%->^ L^V O'j^' p^— " ;l Sljf ) _oJ2j_<_a]l ajJ9 V X J^ ji 



el 






J*> 



rrr 



Y -3>i2l!j2j 



jaaa.tJ 




Servo operation 3j}l>tl3bi3jb-j Ja&^jj^j 

, U. . V-tl j2j-i LaA-ic j_& ill! jJ dll -VI '-•*" Ja-cujl 9 ^JLo^aJI JjjiaJI A_ rt*~ ■ SeULl aJJulLoj a Al"-»^ (jjj-* 3 *— £-J l_I_<fc 
i_3l_2jj /<u_J (jr^*- <-ll_Jj>j ijjj-k 3 -" <jr-^ _PJ-^I Jij-O-*-?! f-3<->4? («-J (_>"J ^=dl iiJjjeILj3 (jjij^=J,l ^^yic ^^ jJjIJ. Li«JI 
J>j^>-j^a (_)Ja-ll *' 4 La ■ ul aj jj_>jj Jj-Tim J;j O" - ^ f^J-t '-*>"'| I Jufc ^_ \ * - V J^— » ■"■ j-ts-il «L3lJL)l -S'j-t' *j^>JI 

(jy JLl <J-4*J (jiajLtJI (jLa M - V J^— ifuJI IL. Lj^= ^^.^JJ LtJI i La « i >■ II j <" I " «Ja2 Lj Lajiic ^■■j^— 1 1 cJlL>- 



SERVO APPLY PORT 




SPRING 
COMPRESSED 




PISTON 






V J^=ui 



SPRING RELEASED 




(jy JLa^l 4jt_iij Jl (juj^-i t,l *-2JlJ lLUJj Jj^IoJI J>^>>J (jyic. J-«Jt3 (jiajLill SjJ9 M - V J^-i ifu 
1_£JlJI /j ^— » j ^jj A \ <-"-* ''" ** La i ul aj jj^><-i «jj' lil SI J I (jl J-&J Ijl 1V1 i »l j <^— >] j a»| p j a uaj i_l!l_akj 

4-t_Loj J J (j^ij ^— t.l f-j^»-j_i dJJjij jj-xla i_aj in (3j_LsJI jLa 5JL>JI olL^t IL. \ Y - V j^_ ,*:,tl £_ ~_^j_a 

ilaJLJaJI x_La^ 4 Vi 1 11I3J jj'j-l' 3 1 _S T jj^elb (j| ^j ^—1 t, I (j-^aj ^ L l p VI 4jtaisj J I (j nj^~i t,l pL>-jLi aj-2j i_3jjjj 



«V 






J*> 



rrr 



Y -3>i2l!j2j 



jaaa.tJ 







HYDRAULIC PRESSURE SPRING RELEASED 

EXHAUSTED 








^^■•■^~- *JI <Ll>-I_LJI (j-a ^■■j^— 1 1 ^JLc j3JjJ 

Multiple-disc clutch jal>fltfl3jJju« jij 1^1 
Apply j At ill Jj| ...j ."<! '.j^^^ j >. | ^ *^ ^~ * |j_m j & f-lj-Jl ' ^^ l-".'.' ^~ y J^=» <SJI 

(_^jaj|j aJI (_£jJL>oj I jj'* 4 ^^l^-iWl 2jl_a (_£l Ji-»-jJ Vj »1 - aJ a ■* La ■ u| LgJLa 4_JL^I ^^al^JS VI Lai ^j-L^jJI 
^2)_a j <^-»l i _jiaj|j_2JI oJ-J (jl_a Cj V. L>JI (_^Ja » ) ^_j (j •■ ■ ^— » 1,1 pL>.j *, ^j-^ )l Ja (j •\'^~~' a Lr^- (_>°'J^ " ' -^ ***'»' 

_ «A _ 






J*> 



rrr 



Y -3>i2l!j2j 



jaaa.tJ 




(jiajLHI 4_jL^J 4- A-al--*- ^-=^3i L-*^b f W-j^l o^Li* >^L^J °d>" h-U-^ t^ ^^l^j pressure disc 



RETURN STEEL 

SPRING DISCS 

PISTON RETAINER 

RETURN 

SPRING 



HYDRAULIC 
PRESSURE 



. Snaprings 



(j?" " " 



PRESSUHE PLATE 




FRICTION 
DISCS 



INPUT SHAFT 



L^SL-lJaji Lufe (_Ll*J (J^I^JS^I JJutLfl (jiajLs ^ £~ V J^— I <fu 

Clutch operation 4£jj&UAl£LUI Jai\£l\ 

J>jJlj>- j! Jijlj_a *> La ■ ul aj JjJ^ ^j-^ »1 aJI (_^3ljJ9l 4^a-a-3t/j . \ - V J^— » uA\ i Tciisj^a j^k I <\^— - /-^a-ftl ^j"jVI 

^ j'o <_>JajLiJI (^IjJsi «_a aJL>-I Jilill (_J L<aJI ^jj>-^I (^IjJS^/l Lai i^=j^>JI JJslJ -Sj-a^l (j-a 1 j"'^" 1 J ^ Jl>-Gj 

^yjkj J>j-«3-*JI x_« jjJiJ ^j-^ )l aJI lt ys\^\ (jb2 Ijj^ta (j •\'^~~' 1 1 jlj'^"' ' La Jtl£.j ^j-^ )l aJI jj i iVi *_a LlL>-I J aJJiita 

. ^ - V (J ^— » ■"■ j La ' I j j . * La 1 1 JjJiJ>o *S-uz1a ^Jt> (_jJ-J'j oLd-LlI (_^3ljJ9 2\ x_a 4 I '^*«j lC 



0<\ 







J*> 



rrr 



Y -3>i2l!j2j 






DRUM 
STATIONARY 



Drive Discs 
Splined to shaft 




DRIVEN DISCS 
SPLINED TO DRUM 



INPUT 
SHAFT 






\0- TJ^, 



(^^IjJs^fl j>_Laj>- ijl-2 ^j-^ )l aJI (j •■ i ^— » a 4 _ r JLc jjjJlII I CjLaLa_i^3 ^j^a ^jLill OJJ-JI JaJLLa j^j-i LaJtlcj 
i>j_ijt3j ^j-^ )l aJI j j LJIaJ <UjuaIlX I a m **t I ^al^^VI 2jl jl Jl i^->|-> La-" 2 Jl>-Ij 4 l"^-» L^JL^sj [*" .' ' "^"-3 (J-"-* 3 ^-^ 

4_j-l^=^^=3l!I ^jj/j_pJI 4_Cj_a-3t/J -1 tiag I Jlj>-I Jl 4 ^— >j *- 1 1 0j_£> J-i-ajj ^j-^ )l aJI jj jilo jl JlJ La-LL>-j 
pl ''-^<~ I Jlj>-I Jl QJaJl aJl jj_tlis 4 ^a>a. (Jl ^'» 4_aJLl5ta CjLa_La_L<3J Li!l_akj ^j-^" aj| jj-j-lLs (j_ a ^-*j' ■" 

4 J i ^~~'J ' : ~~' 1 1 ^j-u^IiJI <Lc^a-a-3ta 




DRIVEN 
INPUT SHAFT DISCS 



^j-»g (jLa (^yJLlILij . LLaJLuaJj a JljLSJIj loLa-Lil ( _j^slj^ ^(1 JLc (j-iajLSJI (j "j^-— a j3|J Lajtlc ^ *\ - V (J^~* ' 
(_)iijL2JI ^ys]^) (J^L>- (j-a (jiajLiill j ^ - i ila j-> Jj (j| (j V I * jWi i nj ,Ji>. jJI 






J*> 



rrr 



Y -3>i2l!j2j 



jaaa.tJ 




Holding clutches ^^l^itl <-sLSjI 

.4_o^=_^=JI ^jj/j^pJI <Lcj_«_3t/J -^ j tjag (^1 ?c '^— » ' AJ-S-l (_£Jl!I Jl-l>-jJI jJt (J^alj^JI (33^ (J' -1 L ^-J-* <_}j3 
x_a SjiJiita 4j^=L^=u».VI (jolj^af! jL^ £JL>JI <>Ju4> 4- W - V <J^=uii jiaJl (^jiajLill <-SL2j^ JlfU^aj 
.4^=j^>JI JJslJ f> my] (jr JL>-l jJI ~k.,..tl *_a Sjjtita 4jL^iJl (j-oljJa^Mj j^iltai! ( _ ;r »-jL>JI wJajoJI 



FRICTION 
DISC SPLINES 




STEEL DISCS 
SPLINED TO CASE 



TRANSMISSION CASE 



2 Jlj>-j (jl /- "-*- (_ d_Sj i_3j_ij/ J J ■ * la 1 1 tjL-3 ^LlILiJ j j • * La 1 1 (j'jJ-> i_d_2jj i_3j_ijj (^^IjJs^l j^)-* 3 (j-dil j -q^ v Jkl 

^ If j-ul'lt (jAjIj^JI ^1 ojj>-1 a ^=>j^>JI J-isLJ /» m> 4- °-d>^ cjIj-*-« tilLokj < ^—j*-^ J-^LJ i-fl^Lc. 4_ 



■u 






J*> 



rrr 



Y -3>i2l!j2j 



jaaa.tJ 




Clutch operation ^^LaJI J^i &> 

(a'.ljU , „VI .j „ , ^-. ^ ) jj xlLaJ I i a La. J^>-jj (j •■ ■ ^— » 1 1 ^j-^" aJI (j-ij i"i" 4_aj^l3 \ A~ V J^— » iaJI o-u_i 
LoJl-Lc (JjV I 4-<-iiaj J I (j u-i *-—[' x-^-j-l (_£L_iJI (j •■ ■ ^~~' \ I f-j-3-j (_£l— > 4 la ' ul frJ 4 *" ^~* a ^r ■A3~?"-9 da >J " ' *""' ' 2 

a I uauAj :<* jj 2 1 j , ^. A a ^al^^^l Qa^aj ^LxJLij ^^^zajj g j Ji-vJ I JaJi LaJI gJaJLij 

i_3j_i_u i^W^ '^^ L^J-Aj L^W^ '^* '^ J-'-a ^j •■ j ^— 1 1 *-3Jl_l! JJ ilLaJI JJ (Ji».jL_j LLaJI La Cl->] *-jI_U 

(^yJLlILij I j lo-JU (jr ic L ys\jS£ s $\ JaJi uaj I Jljj ( _^alj_^^U i ill ^—".^Vl 2jJa -4-^C- «j3jj,l sj_aU A_3s_uj i La ♦ i a '_' 

J J .' * U' - ' (Q-"Jl /*— a .2 J^>-I_a a Jlj>.^^= j>._l<v>JI jjJ^jj Jlj^-Ij -j T^~~* JJ lUqJ I a J^_<ytJ I J (_^|j_22l •»• ■ LaJ 

. J>j-<3-*-JI <Lcj_uj (joLa-JJ j LajJI I Jak JjJ^J ^LlILij 4_L±^=_a^=JI ^jj/j_pJI <Lcjjijse^j ^_ a Lax i_£l_) J i aj a 







^j-^ )l aJI (J '-^"i /<uj ^QJuj 4jJ^=jJLI aJjUaJI ajJilL) jj i-LLaJl 7TjL>- (JJ <_pL-a]l ^J-J- 1 ^j-^ '' aJI JJ-^J 



IT 







J*> 



rrr 



Y -3>i2l!j2j 







QJajLllI Ijij^ta ^j-^ ) 



U!l 



u> 



^UjkU - r j^=u 



,yli^5 2l 4-t.iiy^J (j " '^-* V' b.LLtJ i_3^j_u 



One-way-clutches ukvl^JI oUJVI jj ^^LUI 

CjI j ^_)-iajlj_5JI .L-Jl (rial 4 Ij i nj l_a-)l J mJJjlj j-<kj <j_ul_l!l (JjLijjJ ^j_a j^>-l fj-i j-d> Jl>-IjJI oLso ^1 jJ ^j-^ )l aJI 

obi- 2 oj- 5 J>^ cr^' <jr^J Sprag clutch ^^j IjS j! Roller clutch SjIjj ^iaj Ijl Ul joJ^II 0U0VI 

■ La|jLa-"ifilj Lgj-ufu jii^s afl j_4> Jj^' f>^'j *'jL^' (Jl ^L*-*^ 



Roller clutch SjljjJI Sj^jtl *jj <>a jl>.|jJI ,?U^VI ji ^Ull 



U, L 



Us 



4_gJ 



_cj| 



oL^sol j,- ^— c IL. ^^jUkJI jj_a1LJI 



ij ij> 



l_S . Y * - V J^— > i^JI jj_a 7c_iis Ij j_4> 



■ aj Mi~».n tfjub JlcI i u3 CjuLlIIj a j L<aJla j j tllaj I ^j-u iOj^jJU 4 5 ^ ,>.!! (_j^jj>j| 4_)L$J ^_ j i"i*«. i CjL>.jj>.Jiim 
4_^3j^>JI (JJsL) i_3^Lc. *_a 4-HjILa Sj L<aJI C-JiV^s I jl_3 .Lta (j^L«ju Sj <^tlj jaj LLaJI (j| j^yic <J-«Jt3 CjIj^sljJI 
j im*s" LoJlJ£. dJJjj 4-g.l mil ujjLic (j^i ^— g <>L^><jI £_ (jljjjJI (j_a *_ La-i Jl^-IjJI <>Lj><j^?I CjI j (jiajLoJI (jLa 

■c-jj ; L ? JI4.Cilj^-ijtl 

oL>J1 ^;"^— g 4_ jIj lil jl icL^aJI ujjLag. <>L>J1 £_ Y* - Y J^— & '2- I -i^— jj_j-LLj1 jIj liLa llUj> *_«j 

Sj-iii i a II i_)j_ij>jl CJL1L4J rjLi- (j-° '""J ^~* ' t£!j_^jj i_3^-uj i (*-^P i_3j^u «Gjlj| 2jJ9 ^jLS 4-tll i nil (—ijLog. 
.Sjj>- 4 LseJt^a (J.a-t-1 (j\ jjjjlaJLI tt a i nj^g i _jiajLaJI (JLo^J ^J^g. (_yig. (J-a-t-i I JlAj j «^-»V I 4_l>-L<JI Jl 

_ mt _ 






J*> 



rrr 



Y -3>i2l!j2j 



jaaa.tJ 



SPRINGS 



HUB DRUM 




SjljjJI ej^-ijtl £aJ (j^a Jl»-IjJI ijLsoVI jj (jiajLUI Y * - V J^-i ifu 



ti 




.c^ irT>p II i i i) n i III] -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 




(t)3jd21!J2i 



fj*}\ J^stA - i ^^JjjJui^\ ^ 



UJ! 







4 Al",-»/i (_ i , M< j^jJLc J J Liaaelj clLJjij 4 j '^~~'j' : ~~' 11 ^j-uj^p-ll 4_Cj_a-3t/J ^j_a 4 alHseJU g. I ua£ »> Sjl jl j| tc_i_^= 

.CjLcj-tjjil 

L) iajL_l!l j| Hydraulic couplings a—^Jjjj^I <JL^y| ^a >L_^= rj— <ij l_3o_^ J u^i\ 1 jl_a 

.Torque converters ^jjJI J^^aj Hydraulic clutch ^^-nljjjLfrU 

Ciljl j < ntl (jr lc sj—uaUs dtJL^= (jl Jljlj jl culj^l '£— I j'^^-— " Jlj>-G 4 .t^a-Jjj, LlJI (_)Ja-J lj-5JI CjIJl_i JlJiS 
4_uL) (Jl i_l!j^>J,l f*J-£- (J-5jJ 4 ^^-.l^-i"-s.VI (_pa_l l^oJitl 4jLJoj (J-uAj Li ^j-^ 1 Ij-SJI (j-a f-lj-lVI OjJtJ i Sjj>-Li]l 
(j_a z JlJ (_)^aj ..»-»■* 0_jjJ (-^sljJjjJljI-JI *-3jJI (jjjj-la ^j^ 1 C 4 -^- 1 f*J-*-'' Lr^ -1 4 I J ' "J (j' ■"] ' < ^ = w h > '^' (J-"*- 1 'j-^-* - ' 
J^ta Tj-uj (jLs i _ / ^— ^tjj J jJI (jiajLUI j| Lt^3i_Jaj Ji_tJ | iJLa^il J^l^—tl pjAtl ^ | jj ,<tl^—",^VI ^^j^ 

. 1 Ia-i i •■ la N j'" ,jj^~~ 'J, ' " ^j-*^ ' 

Jj-Sj-a S9— »g (j_a ■=> " l ^~~'j > Jlj>-I_ij oj i'iLlo i_l!j^>Ju J^ju aJ_*JI Jia t-<i jl (_^=ljJ jj Jl_i-J I ^j'^ )l aJI ( < ^~~'JJJ 
aJL^s^oJI aj_2jj /_^3l-ijI ^j"jVI 4 ^— >j -- 1 1 (J-J9U (JjI i n ) a j_*J I (J^=ta jl /-^= "tHJD' '-r (j^aJliJ' }La-lj .i_l!jjaiAlt 
jl( 1 _ / ^ L - ^Jj J ^-^ ^^jiajLs ) i _ / ^ 1 — jjI ^j"jVI 4^3 i^^-tl Jjslj ^Jl jjb 1 i^— ■ t-dj^>J,l AJC i^ali Lai 4_t^3L_Jaj Jl_lJ | 
(_^=Ljjl_ajjj2l 4 ^— >j -- 1 1 (J-Su Jl i ag.1 tJaJJ aJ_*JI I Jl-A (J-2jJ ijJj^sJkl (j— a 75-*'—^' (O - *"^' * "** ila^j ^3-23 
i_*Jj^e-aJL! 4_al jLTt^a fO^' (Jj- 36 ^ (J-^-V '^^-—.f'l "J~JI ^ ^-— J > (J-^Lb «JlJ)j_ll CjIjL i ntl i^_ .(^j-C (Jj^ta ) 
.(^jjj-iis j-lC. (_5jJljJI 4^=j^>JI (J^lJ <|_ 2.}^jJtl lLUj JlLa ^1^^" ialjL». -i>>-J jj^— _' tiiljijj 
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r . 



rrr 



SjJiJ! J2J 







Hydraulic couplings ^uSu^JuAJlALdjJI 

Jj-Sj-tl N J »CJ i-l!j^>Jkl <Lal Jl>j (J i ^-" a 1 a AiJl>.|j jj>- VI 'L^.jj p j*" (J^= ^H'-^ ' ^"^" J^— » ■"■ (JLc (j-u^a^JS jj^a 
t/_^=i-ij| ^j"jVI 4 ^-»j ~- 1 1 JJaLlj J i-Vitl 4 ^-»j ~- 1 1 (JJLi J>j_a-*_i J LalLa j^>- VI j . a » 1 1 a jjI JlJI a <^»»tl JiLa-jj 

(Jl uaJI (_£l J-»-jJ V Lills lj-»- (jj^-ij J'^' J) i^"i*1l (JILajj 



CRANKSHAFT 




FLYWHEEL VANES 



4-L^3-J_aj Jl-IjJ I 4jLa_aJI \~ £ J^— (Si 

jj! J-JI j^^oj^JI M-4-1J ( Y - £) J^"* i-uJl ' Tciisj^a j_& I -i^~~' ((j-U^ajJill (j_a (J^= <_>>-l-i cJ-"dJ f-^JU 
j_uLjj r-jL>JI (Jl (_^2>jJiJL) J>j_»-jJ>I O-jjJI *-2J_Li 4-LiA.a <lc.j_<_uj (J'JJlUI ^_ i_l!j_>iil IJ-u LoJJjl2 (OjjJLi 
4Js^3 jl J_U j ua*JI x_ lis j La I jlj < ( Y — £) (<uSj J^-— iolIIj Tc-iis^a j_4> 1 o' : — ' i 4_jj^=j_tl OjLlaJI <5j_5JI 
j uajJI (Jl -Sj-a-i (0-3 jl JlJ.1 a »>»«ti (_pijj_i /<sJiajj_i r-jL>JI O-JjJI (jl-3 ( £ ~ £ ) J^— ■ ■"■" ) Tt-iisj^a jjk I ^^— i 

.Vortex flow ^IjjJI (JsjclIL ^^-u^ aj^jIjJI i^=j^>JI oj-aj i^P-f »>«^IjJI 



in 






r . 



rrr 



SjjLdJ! J2j 








ij^ 



.tflllfc. 




\ 



C 'j DRIVING TORUS 
aj^ 4- ^^P 1 ^J 3 A-ai-^l 0,1^> (V * ) J^ ui t ( ~ 1) J^ iSJI 4 'i^ tjljJ.1 j-l^aJIj 



tv 







r . 



rrr 



SjJiJ! J2J 







o- £ J^aui 



TURBULENCE 
OIL FLOW 



TRANSMISSION 
INPUT SHAFT 




TURBULENCE 
IN OIL FLOW 



ENGINE 
CRANKSHAFT 



VORTEX 
FLOW 




V ij^ 



Hydraulic coupling efficiency ^SydjgjbUAJI 4LdjJI3?U£ 

■ 4-aj.t-b *mJ3 4 ^— 1 1) *>■ ? I JJL) aj ga. f (_y^l— > J J Li!j^>Jkl ^j^a AJ-*-!l (_>£-> (J-*^><-> 4_l^=i_iJ jj Ji_lJ I aJL-s^II <>Jl£> 
4 jljJLI j uajJI a j-ili Ul j L^ajtil 5j_p- 4 i i n i ■ Lajua Ijl>- <U-!Lc (Jl uaj j(| S»l a^a »jj^~~ '"' 'LJLjlJ! Cjui^ i aJI _lL*-3 

SJa^jJLl SjjJiJI (JJjj (^JlTiJLij ^jl <^"VI 4_l!Ijl3 JJij ■=* La i ujj 1 1 ClUl^ i nil Jiic La-Lu 
SjjIJlJI -»■ La i u »' (j-L.) Jjzj—il CjJl^soj I Jlj>- S^-Lt-Lo 4 tjrt/tl SjJl^JI -»■ i .^.".a 4 .uJa Jl diui^ i aJI ^_ Lai 
V 4 A !"-»■« i_l!j^>iil <Lcj_uj jij ^—>~ LaJ_ULa i ^j-^ )l a^a (J-a-tJLi 4_^=ljJ jj Jtji-J I 4.LlojJL? tt a i u < ljufcj *OJJ-Jlj 
4_jJLaX. ^r- 4Jj Mi->n J t "i 1 1~\ I Jl^j SjjJUl (JJLs 4$.LL^=J l£]j_>J,I <Ulj_i_u _}! J^.J Lajiicj £ SjjJLU t _JJL) (_£l CjJuso 






r . 



rrr 



SjJiJ! J2J 







4_JL>. ^_ (J-2jJI 4Jj )"!■•>• jj^a I uiJo JJ9 <_j-^' S J 3 T~ J (J^ 3 ^' (_J-LS_» La-a ( 4_ajjLb /<uj cLw-ts- 2jJl2JI (Jj-ajj (J-*-^2 

Torque converters f»>*JIJ$SM 

«JljLJ9 il^C (jy^ij 4 ^- i >■ 1 1 iljtC. - 

o jLila (^^J 4-lLujjj 4 Ls&£ ~ 

.O-JJ-JI jLata (Jjjjso ^yic (J-a-<3 4 Laj - u a 4 Lg&£ Ly-^3 4_lLlI^ 4 Ls&g ~ 



ROTARY 



VORTEX 



HOUSING 



FLUID 



ONE-WAY 
CLUTCH 



ENGINE 
CRANKSHAFT 





TURBINE STATORS PUMP 



f >J!J^aV- £J^=u 



t* 






r . 



rrr 



SjJiJ! J2J 







4^=j^>JI <JJ9lJ Jl tiJj^sJkl AJ^l ((J2J f*^ J'' (J-2JLI ( _,^— LjjLajJjf (jAjLI^zi (J-<WtJ ♦♦♦ 

i _ / ^— ^tjj Jlj Jl p^-— SelJl *UaJJ 4j-aL>JI Oj)JI 4-i.q-lL 2jl.il ♦{♦ 



» -Jali i •■" z I gjL^aua J al ^-»tl » i_l!j^>Jkl ,»j-C (J-2-i I j*^~~' a ' A -t^a-d 9j. L^J I 4-Llo jJ I (jl j-4>J I Jlj>- p j a Jlj>-Ij 

A-La '-^"j f"J-> (jj-i^- ' * a j" ' (^3"*"^ 4 Af 1 ,>.a j| JlJLoj >j_*JI (Jj-^ca d *J W'i ' ■ ■ i La J-fkj £ aJ_*JI I Jl_A d sic.\ i>>a 

(jj/j_p_II JJl^I (_jJa_i>. (j ^— » -i 1 1 (j_a (J—tjvj aJ_*JI 4_ii£.l iixa 4_jJL)L3j <i_l!j_>J,l <Lc.j i_u l1UJl^=j <i_l!j_>Jkl 

. t ^=ujLajjjVI Jilll IL. LajLseTmi.U 
La-Lu 4 jplt-tl j| 4ir <MLi Cr a_cuJ jjljJI j usl*1\ ( V - £) pj9j J^— .folL- Ttaisjll j»j-*JI cXj^a IL. 
J^j i •■"' (j-L-u/^jJLa J^— > ui (jr-L. (j^-lJ3-^J l_J A—LAilaJ I ^j^a (_}^= ^- (_piJ^J I p a ' ^" J * (j^JJ^J ' ^<hi! j I jJl I a .>■« 1 1 
(j^ ' "■> i (_p3jJiJ jj^-iJJ^I' (_P"->J <>L><->' (J-o^=lC 4 LaJJaJ I (_p"Jj ^j_ujjJij ijLsol . U> -s. \l jj {(. 1 1 iiLLU ^.aljjJI Jj^jJlJI 

.A" I J^ nf jiajl (J^JuJI 






4Jr !>it,l 



O^iTi^ 



ij^ 






r . 



rrr 



SjJiJ! J2J 







Stator i-AJjJI 4i**J| 

a^-Lt-Lg> 4 Lgfcg (j_C 2j1_lC (—-fkj (j^=l_uj j u2l£ (j^J 'StatOr 4-lLlIjJI aJLbjlJI (_yic *-2-l j^j-*-!' ^'•1'^° J-i-u (jl 



.A - £ J^— » '"■ j-ts-il (J-UjjjJIj <ie-uaJL I (j-u f-23 




4-JJjJI il**]| <\- £J^=- 



(j_« «^JlJ1I O-JJ-JI ( _p3_p_«3 (jl 4_lLl?jJI 4jLaeJLJI 4 ^'-^JJ * ( V ~ £) (<wSj J^—' ■"■" ' Tciisj^a jjb I i ^~~* J 
^j La ' (jljj JlJLi 4 i -i I La 1 1 I Jl-U La Jl-ul2 ( 4 ^- » >» 1 1 J J 4 la j i ■■ ) (_L>- Jl_l! Cj-JJ-JI I JljIi jl mh ^>-JJ («-J ' OMJJ-^' 
Vjl j-4-i «LJL9 a^ i"il-La 4 LaJLLaJ I ^J\ Sj)j_*JI (j_« zJlJJ * (_piJj_JI <Jj^>- i— aJjj 4_i_ujjm (j-ujjjJI L>"dJ Jl ( —*d>^' 



Stator 



JL; 



•L^3^^ 



L^vj-i 3 j a, ^pJ] A-t^aLjjjjutjJI aJL-sjJI 4-j *Stator 4_JLJjJ| aJL**]! J}L>- 



( 4 , n I U 1 1 a ^-.j -^ Jlj^s (J-4-*3 (jl (j ^— » 1 ' <>jL-<k (J_ai>-JLJI 1—1 Ijj *(J-«^>iJI 4_IL>.J <LCj_<_a]l (_ r -lc ' '" a j"'"' M J«"d 

4 ^— >j >JL 4_I 7t <i i nj jl^*.Ij <>Lj>oI (_£J (jiajLJa (jr-1^- ' . < ^— j a Stator _Ilj ,»j-^»-!l (j-« '*j-^ p"*" 1 ^ <jr^^—^Wi 
•^^^iijLSJI ±j)*c- '2— ijiuuiju 4JLa 4 se ■ >■ 1 1 ^■■^— ^ cGjIj^/ SJjLstA (_£lj 4_i A lLJ| <>L>JI IL. 4_uljjjJI 

Tciislj jjfc I »^3j i 4-iLJjJI tLLseJul -S_a^>-J OJ^ 1 •— ■ *d>^' U^ -1 ,d .^^"~' T"-^ 4 - 1 ( ^ * ~ £) (<^J J^~~' iaJlj 
oL><jl (J_u_^=lC (ja ^— > ' O-JJJI (jj^JuJ oLjsoI (jVj t 4 i aJJaJj J)j-*-> (jl (JjL>j (j-ujj_l3l (j_>s O-jjJI r-_aj^>- JlJ£. 
(J a a * I , I (»j-*-5l ' '-^ ■ J ' (_yiLlIl-iJ t 4_uljjjJI 4^=j^>JI 3j Jt ii LdiJa-is (J.a-t-1 (jjl $£$ * • aJLLaJI 




£ J^=u 



V^ 






r . 



rrr 



SjJiJ! J2J 







4_2jjJaj 4_i_ujJLa 4_lLl1jJI 4-iseJUl (_>"-> J (jl J^>j A-JLJjJI 4-Ue-t J I J^^-J *-« M - £ J^— » igJl ' Tciisj^a ^jk I <a ^~~*J 





-^ IJJDIQjj ^ 



OIL PATH IS CHANGED 
BY STATOR 



n- i j^ ,t, 



1L. ILirJL 



PJMP 




jLu (_jistij 4_j^ i^j^'j Stator 4_JL!jJI 4l==j<Jlj ^r4>^lj i^JLLaJI (>j ojjJI jL^a (>uj ^ Y - £ J^ -■ 

Torque multiplication j»JAll4d£La4 

J^-* '"'" (j-^J 4 ■■»■ , >, 1 1 (JltxjJ (jr^J < — *d3"^ i*^ ^ S-AaiSj j_piJjJI <_p-<J-l a^-Lt-LO i_3j^.j (j" 1 ^"^ (_P-*-> ^JUtC (^j-l ) X 
x—La ^j ^— > i ' a^-Lt-LO 2^Js (_£l 4 la ■ ul aj ^j ^— » la *-3JlJ| »j_5j (^_piJj_II) Sj-lLj ail i_3j_iJl aj LaJ O-JJJI (jl -»• i^ajJ 
la ctjLso a Jda i a ) OjjJI (j\ LLife i La a. y jj .OjjJI SjJ9 L-ajuis isjJS Jiujj I Ji^kj (j'jjjJI (j-« (^j-upJI) 4JLsejJI 
.OjjJI ^_ 4 i al^-i tl S^JjJI jJLL) lIUJlj Lijj Tc-iisljj r-jL>JI ^Jl 4^cjj LfcJuuj *j , » , ^ 1 1 i_3jJl!I ^j^a 



VT 






r . 



rrr 



SjJiJ! J2J 







jjJI j^j^j I j ^jj La (j-cj Stator 4_JLJjJI 4.Ue.*]| JiU-i (jjjjJLo j3^ f-^j <*-* ^J h- 1 ^ ^~ ^ J^~- "*^ <4- ^°' 

i_3j_iil JlJ^jj tl "At ^_ j o" i u i cLJLa I j^~~^"" (jt 2J^-ij Sj i » ' a 1 1 i_3jJlII_i a J La uaj O-JJJI I *j a .|_£j^>-l 2j_ a 
4_Jb«. iL. jl jj-j (I) Jj^l LIUkJI iL. OjJ-II (j-a LfuJ JuS jt^— ^JJI AJ-*JI (jl^ I jufc ^^.J •t£>*^ aj-* Sjji-LoJI 
a^LcLi 4_j| i?l— Lt-o I Ii_d>_5 »j ' * < a 1 1 i_3j_«JI (j-a C^-JJ-JI -ij-La JlJ£. JlJiS JJ9 (jL^= (_£JJIj Jtjlj aJ^I £sLiL) (uj) 

.StatOr Jl <lA_lL3J j^k I Jufej (^j-*-^' ' a£.LiajJ OjjJI jLp «Ll>-jj 
- £ J^— Ju j LaJl C^-JJ-JI jLp icj-i-u (J J J uaJ 4jL$iJl '£-. LgJl-S f-j_i-uij f-J-J-ul ((j-UpJI ) iL*j«JI JJJ3 LaJtlc 
<>Jlj4> ^_ .0_jjJI jLp <Lcj_i_u (j-u-d-i Jl-Lc LiJjJJj lilj-jelij i_3j_!_u Sj-ti-LaJ I i_3jJl!I (jLS I Jufc CjJljso LaJ-Lcj 7T ^ ' 
aJ_«JI ^ *<* 1 i>.a ^j ^-» a « V LLfcj «L$-l>-jj jL*-) {jJ ^LlILij aj l* i<aJl i_3jJl!I 7TjL>- ->j-La-> <jJ Ojjjl (jl-2 <LJL>JI 

(j-L.1 3j-^ ti-ijJ^>- J— Lc da Aa a '^-. a ^ ^j ^—,~ ij_»J| j Af 1 ,>.a ).; ^_j VL_i (Sj m La ^j-~^ ieJj (j ^— » i >a 

( j i^aj (»j-*-5' ^ A^~ 1 ,>.a ^jL^a (3j^JI jlj LaJL^=j (j-UpJI ^J-^J ** LaJLLaJI <Lcj_i_u 






\r- i j^ ,t, 



LU 



vr 







i (A) (_JjV I 4 Lqila Cj^LjJI JjjaL_m <Jj_4>j O-JJ-JI jLp '- ' i ' " ' O Jl_>j (J-tflJI Jijj J *Jul JjlsL-La Cj^Lj uJl-Lc 

.(C) <£jpJlj (B) Stator aJLJjJI aJL^JI 
<>Jl-J J^i-aJI jij (jL-s fV-*-^ 2 a^ l ,>.a sp_a (J^L>. di-ilii k-l^j <4- ^j '■" <» * Stator Jl <_>ujj jl i «^-^>- 

Jij (jl_S (jjj_ii? (jjjLiiJI a I JlJt" i nUj *> LaJLLaJI (jia <>L>iJ2l ^j mL) 2— Sa^JI *J j^-s-j" _OJkj OJJ-JI jLp (-r^- L>^d>^ 

(A) '-■ M^— I jl_a 4-lLJjJI aJLjejlII < (A)L±AiLaJI ^ aJj JlJU S&211 ^jL^a oj}JI jLu C;r Li (ju£j| <_>ijj <J*^ 
I jl Lrupil J*a jij s_ai (_yA (C ) (j-upJIj Stator JL! JaAJI j>j SjJs (B) j ^aJLtaU JjlAJI SjS ^ 

C = A + 5 

(A) SjJjJI (j_a j_j_^=i (_jjJlj (C) (JxS Jij SjJS 4_iiajL>s '(B) 4jt_uL) <-■*<- 1 <V< (A) 4-Jllo VI SjJiJI (j) (_yl*J I jukj 

.(C) ^1 ( rtf 1 i.Vi JLS (A) ( _ y L«aVl j*jjtj| (jiJa jL^alvLg 

aJjlJI (J^^ta (JjJLtuJ 

(Idling speed) ilikj 4£.j_^ ^Jx, Ldj^JLlj Drive Jl ^>a 4- j-,4*^ -ijj la£>\j Sjlu-JI jj^" Uju^i 

I Jl>- I^-Lt.i^> jj^~~ ■_' 4-j-aJLLaJ I (j^a (j-UpJI (jr^ 1 f-^lj-JI (*j-*-^ U^ 

(jj^~~» i qJI 4jL>. 
(j_a O-JJ-JI ?Tj)>J*- Jl-Lcj H £ J^— » ■"■ SJljI^Lo 3_o_2j 0_jjjl N J '~^^ a 4_i_«JLLa]l kcj-uj -il-SJ.3 i_l!j^>J,l (J-lt&aj Jtlc 
4 ^-»j *- S I J^-iI^jjj r^ £ J^— » ■"■ 4 LaJLLaJ I (Ji>.Ju_)j ajLuLfl (Jj_^LlI <_i \ £ J^— » ■"■ Stator <_) /oJajj—i tj-\_j^lll 

.jjjjpJi (J\ j>2jjli fj-*^' - 5 '- j j^ c ^i>^ 4_uaijjji 

4 *^— • I i u 4_LupJlj LJ kcj-uj (jJ-C.1 4_ujJLLaJI J '^-" LaJtlc 4_JLc J j i ^- -- 1 1 ^j ^3 a ) a}^. (, L<a^| (jl iajjLA i_aj 



Vi 






r . 



rrr 
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TURBINE Jy- 




OIL FROM 
PUMP 





OIL STRIKING 
STATOR B 



OIL I 
INTO PUMP C 



U- i J^ r„ 

Stator (j\Jl2\ jj^c aIjljt" ml Jq ^Njj jj^~~ * "*^ 5-1 L>- o— « D^-iH-^' 5 ^— j^ *j^-j 7t_ i^jj ^ 0- £ J^~- & 
LsjlsbI^JLI f-ljjVl juvl j_aj Secondary stator ^^jLj ^Lillj Primary stator ^IjjjI UaIjl*.! 




IMPELLER 

(TURNS AT ENGINE 

SPEED) 



BOTH 



\o- i J^ ,t, 



v» 






r . 



rrr 



SjJiJ! J2J 







Increasing speed ic^coJI SjLv, 

i—Slj^al ^j^a r-jL>JI OjjJI (jb9 (j-upJI <Ic.j_uj ajuj-ij .aJjlII a Ar 1 ■>»« J^j < ^jljjjJI ^_ jj^-Jp-I' IJlj-i LaJtlc 
(J I ijLso OjJ-JI icj_u/ ^^j£. L^-Jp-J' icw-u OujJ Stator JJ /- al>JI «L>-jJI /oJa^ij '^ii < *-^L3U J-^ O^dJ^ 

(jli Vortex velocity i_uljjjJI i^j^JI jjl^B Rotary speed lth>^ ^jIjJI i^j^oJI ^1 Ujj Stator 
\jj* Ij!jjj Ij^j 4ltAjj ijuljLuVI ^JJjJI il=t*JI Primary stator -IqIjj j^j aJlL^oj o-jjJI 
*Ij ^^2j JljU Aj^Jli!! 4_J-iJjlH aJLs^JI Secondary stator Uiu Lrh>>^1 j-« Free- wheeling 



IMPELLER 

(TURNS AT 

ENGINE 

SPEED) 




Cruising speed il^jJt i£.j_^ 

kcj-uj (j_d ' >p S3 jj^-Jp-I' ^-J— <-" (j" - ^ S j-tJlLtil <Lc.j_<_a]l (_£l 4_L>.jJI <Lcj_ijj 3" 3 - 1 SjLujJI <lc.j_i_u cJLloJ La I jl 
1_£jjLjJIj ^1 Jtlb^fl Stator _II ^j_« (J-^= 0-"-dJ J J^V f> ' " ' ""J L^-iH-^' (J-* Jj^JaJtl ( -^j~^' (j' < — ljLj>l ii 4-j-aJLlaJ I 
4_jjlaj (j_a_^=iJ A—usljjJI 4 ^— >j *- 1 1 <^.._l>. aJ_*U 4 a£ 1 »^-» « (_£| Jlj>-jj 2 Jl^JlI£. • ' J->- LJljJ-} (jljjJ^-l (^LlILlj 

Coupling point Jl .^"Vl SU;;, i_3jju iJUJI <>ju4> A-^a-JgjjLiA aJLs^s aJUc i^-jJj fj-*^ cIf" r."^-'-3 

. W - i J^— i <"<t I ^j-* 3 ft-iis I J j-A> I a-^=> 




TURBINE 



vn 
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jana.tJ 




Jl ,^."VI SU^ij At Stall jj^— mJI aJL». JJlC (j-upJIj f»jj«-ll Lie Liia^a (j"4> *-> "< '^ 'F-^Ji ^~ ^ J^~- ui 

(>j j»j-»JI JLuajl «Ja 2 Ljj .(>upJI <£.j-lju -iLojl Jlj^. (»jj«-II ' ta j gj i ^^ i la > N jj Coupling point 

j a" i nj c±!j^>J,l tj'jJ- 5 ^-J-" ^^dHi .(-djje-aJU JjL>J,I o'jJ^'j JJ^~" ' ' "^ (jr^^ 1 " 4r ^^"J*"^ J^J ^J^*^' 
(Jj^jso ,j'^~~ > J ;^~~*' L^-i?-^ li ** * ' '""' Cr^-J-" O^ t3j~*"' C)'^ =s L*i^=J ((Jj^sJkl 4 La i ul aJ ^Jj 2 * U ,»j-*J! 2juj 
tjljjj fV^ 1 J^ i— flj-ajj tJ-Gj^a ^ i^i^ 2 I <>Jl». J i^ijt (J j ri i t, I (jljjjJI f'j-* 1 a-iLjj ^ III Li j jj^= I Ojjjl jL<-"-« 
l_£l <ie-uaJL I jl JljL2JI Jij.a-t.II <Lcj_i-u ^j^a h i <^-» j » .^ I jj-upJI (_£l ^j-^ ll 2JI ^i^ <Lcj_ijj ,jj^~~ '"' '"^p*- (J J* '■"'" 'I 
4-Ue-tJI <^_ O-JJ-JI j I i ii a I a a j" ) (j-UpJIj <LaejiaJL I ( _ 3 IlCj_i_u ^jl i uJ Jtl£.j ^j 2-ULI ,»j-*J' 2juj 4inii ^j^a JJ9I 
jjjijj . u *a j—^aijJjjjLjjk ^j>»<1 ^^-» (Jjj>m (Jjwlj (-JLjJLij ^j aj\\ (aj-*J' 2-iuj <$jua lJlSjjjj DtcltOr 4_JLJjJI 



Z! 1 3 I . u U AJjtJI ^W3 



1 ! 1 *> 1 1 n > 



(JJj^cIlJ V A_U^tJI 




, J if- iie_Um a)i ojL) 



|V^° Jl i> 



*2 AjJI/^Li] 






tj-upJIj ^j-*-!' ** *** i '^** a lA-i 4 1 1 "ill ^ A - £ J*^~* '"' 

a^jlII La^-La (J-^= J-2JJJ £ <L^=j^>JI 4_lIJ (J-2JJ j ua£.j A^=jj»U JSlJ J iia£ 4J l^-La J^-— a . Ij—u^a L^jLiiJ 
(J 2Jj /-^= '.^JJ ' Jj. C^ ' o' ^1 a ^~~'j *- S I -=L_j_J| (Jj_2jil j iJaJLJl <^_ jj>-lj^>- <^_ 0_jjJI j_jj_<ijj ( SjJl^JI ) 

dJS 4 ^3j^>JI «lJJ Jj 2 * 1 , 1 jjiaj«JI icj_^ qm \j £<^-*j.£—\ ~a£.j mj 4 ^-.j ^- 1 1 J^LlII j'>-«tl jl j I jLa * Lu>2j 



VV 







j uajul ^_ ajLiii^a ojJL) jJ3|_) O-JJ-JI (J-t^vJ 4_jJU_*JI tfjub jl (_£l ) 4^=j^til (JJSLLJI a »>»«tl ^J J cLLa *j^>- «L>-jjj 

JljUJI c^-jjJI j-jjL3 (^ri^. <_JL*l!l i^-fj-^' •J "J -.'^~' O-^ '-^lj^-^1 (Mj ^JLa I j ^— *j < ( I^sjjxM JlLlII 

I jl (»j-*-I' (Jj-^e-^ 4-Ia ' ul frJ ,Jj S-lXl (*>-*-J' >— j3L3 j_l±^= Jl>- ^Jl <J123 jl j>_L<u «^..-l>.j Cj Zj^sJkl <>Ju4> Cm-g-ug Joia 



VA 




^.5* 



jjjJ! *_£aUJtl 



.c^ irT>p II 1 1 1) n i Hi] -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 




(Y)3>i2}IJ2i 



^gjLajjjVl i^j^JI JSU 






^rrr 



t -3 



3jjAtlJ2J 







Automatic Transmission ((^SyuU^jjVljMJI )^duU>3jVll2iSjjBJ I J2LJ 

^j-^ )l aJI (Jji ioiJ ^j_a 4 i *^- >j 1 1 ( jjjl_i_ u i^ A» \ ^JlJIj ^y^aLjjl ^j"jVl (JJiiJl jLjjso <U_)Ju>Jl OIjL i oJI ^j-^* ) -ijjjj 
La LoLc (jr ^=L-ul_aj3j^?l 4 ^-.j^-tl JSLj jjLa <-3jJLJ I a ^— _a .4jjL«JI (j^/j^pJI JjjjLiLa iL. 4.aJlJei,l oLjLufgJtlllj 

(_ r i iiLuJu Cj-jjjl AA-uoj6 ^ja JlJ^IU,I | ^ / '— < j laji L_i^J I Ja-i LaJI p^~~ *' **-'' ,»La-Li5 joJaJj * ^ ■ * r — <j 1. 1 4^j_i_u - ' 

4X.^_ljJ > <"<%->3 ( p la * 1.1 JaJi La jl p ^— >l >JI JaJi La /- a uli) Ja-i uaJ I I Ji_£> j I t ^ a a ojm i u 1 1 A£.j-i-u *_a 

jdolU (^^auJjjjL-ijJI LtaJLLaJI ^^julJjj J^j I p ^— — ill ^Ltaj IL. JjJL>JI ^1 a LaJI p ta *j tdJj^sJkl J-a^- - ' 

, U. . V-tl I JljJ, j| JlJLo (jj_^=ajj pjl iri'tl 4_i_ulj.i (jr-^- ** m£.jJI jl JlJLo *_a i_ i i uLlLllJ O-JJ-JI 4 ^- *>-a ^^a 
/-^= "IjJ' '., p^-**-"^' «Jl>-j J I JJjLJkJI 4 -»" aJ j uij a (JJjLJkJI LLaJLLa /— a-mj) 

J^— aj J^-— ?J *'j-^' ^^ <j-° jj^~-"'.' Ly^^rpl ^j"jVI a^sj^kJI Jjslj (jLfl Jj^M Jj-a^JI IL. ljj^=j La-^= 
p^~~ LSeUll «Jl>-jj 4_l±^=_o^=JI ^jjjj_pJI 4^o-a-3taj f^j-*-^' (Jj J=ej0 Lr^ 1 i^ a-3ej9 ^_ «.ljj>-Vl <>Ju4> (jl_) Jfj-iiJl 
IJl4> iL. .(Jjj-a-flllLl AJJ«-II (J_a^taj 4_j^=ljJ j j JloJ I Sj^ljJI <j£. llaJ ^— " 4-SjI .nil J j ua-l! I i^_ . (jr ^=LjJjj Jia-JI 
J^U A_ LjLti LttJa Lj l ^^~'j" 'U2J^>-i3 p3 (J-LLa^lll ' 4-j l^3j^3 ]| ^Jj/J_pj I 4^1j^3^a JjX. ?S^~~ ■"' ' i— Sj) ' " (J L<aAj| 



Extension 
housing 




xjjLajJjVI i^sj^JI JJsLi! ^Lc J^=uii ^ - J^aufu 






VI Ct-LiTLLa 4_^=LjjLaijjjVI ^jj/_2_pJI j ' " ' La -J 4j^sL>. 4-^La-l 4_la^=^^=J I ^jj/ j_pJ I 4\cjji^ta -- 1 1 aj 
Jl 4^*-L>Jl (JJJ a Al",-»/i J^j 4 1 1 n \ (_yic (JJ i -^ *- S I (j-a ^j^— » ^i ' »jj>- I j ^— >j " jl i>jL>- (_yic (_>^= 



V^ 
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CjIJ (J^alj^ 4Jaj_ilul ^j>. "j-^t l _ / ^— '.^JJ '-r (Ji* i*n"tLi <Ul^ i ntl j_ll<3 4-J a-£ ( <k -^J (—JLa. lLL^jjo jl L^JLuaitJa 

^j'-^* lIi I j i iaji ' *_a ) q"i i n a Jj_uIl*j 4jL>. ^_ (j_uj^jj| tjj^~~ '"_j <- ' < uLLa I • J ^~~*j " 
4ja i ul aj (tV-A_L)_L>o ,j^~~' 1 ' S^uLlII ^£.j i ntlj 4 jii|->tl <ULj_<_uJl < 4_J L*J 1 4-g.^ i ntl i a , ^ A ^- ' t I 4.C) i ntl 
j uajJI (j-a 4 ^—,j~^\\ JlJ^Jj j^>»afl j <^»tl Sjljlj Lu^aj^aJI (jj/jj^lJI ic^a^>J, -1 uag-Vl Jl>»| ?c j^— j| Sjl.il 

/g j a <Lc.j_i_u ;_$ 2 <LaL*-!t L^Jjj^s A_ 4 Uj , ,, ill a j ,£—,j£—, tl ^uj^ltl 4£.jj^>J, 4_u_uL_u VI oJa-Lflielll I 4nnl 

.4_JLltl 4j_}Lm_) 4 La j"j a 

Z _l 



7 
«j + (— ).« 3 = (1 + — ).« 2 



/■ mi a '"■ tl j)_uv.Ljl 4X. yj-u 

* J I ^— > a ^— » J I ^jj/J_pJl (_paL>. A£.j-uj 

iy ai *-" jjjj^jJI 4^j_uj 

^Ml< )"ltl (JJ^jJl ^jl i I III JJlC 

/- al&JI (jjj^pJI (jl i i nl JJlC 



.n 2 

.n 3 

z 3 



Jl^-jj ^La '"' .'"'"J J C <JJ^>-VI -1 .>.^VI Jlj>-I (jl ^— J 4 .Li^aa^sJI (jj/j^JI 4_Cjji^a 2 J '^ mJ| jlj Ijl 

j ' ^-^* •- ' ^— » ' ^jl j_<_C (j-^J U3^~^' J ' '"'* L? ' " a '"' '' O^l^"^ Jlj>-LJ i_3^_i_u (Jl" -\^— > a .r^>JI S9-»g ,JI 4^ajj>. 

(Jj_>- JjJtJ i_3j_i_u Sj '» LtaJI 4 ^ i^-ij^-i tl ^jj/j^jJI ^jLa (■ al>JI (jjyjJI jl 4 j '^~'J^~~' ll jj-uJ_pJI (J_aL>. ) j-»-l 

. jl_L>JI x-us^i 4JL>JI aJJt j- a i nlj t^j_>JI jj.a-tJ 4^=jj>- (_^l Jt^-j-i V j—ILltLij ilaJia I j ■ oAj 
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- l .^<- Vl jl^I L-Llt-^j Output member i^j^JI 4_La Jl^lj ^JJI j-a. 4-u^3 j^=J I ^j^lII J-aU. 1 ;U> I i! 
^L^isol J.* tiUj i^tjjj (jj_^=4^ t -l ,^Vl j^f c^uio «_aj .Input member jljLHI Jibuti jj*> (jj^J^M 

■J '.'^~ l ** ' ' " *' ' * ' ' a * "*" * a ifi-j-*-u ) iJjl ' <*-2jjJaJ! ~ I 
jjJlJ 4_iLa <Ull -nil ujjI_5£. <>Lj>JI ^_ jjjtj (_£Jl-!I /- i ii <i Mill (jjjpJI jjfc JljLSJI (jjjpJI jl <Ji>.jJI (j-"^>J (j^ 3 '-*j 

(jjjj2_p_!l 7TJ^>- Jl-jH2 ■ £1>JI (jjyj_!l * a 4 2 ■"■» a 4 j ■ ^~~'j ^~~* ' I ^j-u^j-JI_j .O— illul (jjyj_!l 3— A /- S1>JI (jjyj_II 

(J_aL>. I j« a Jlj>-Gj ,- aL>JI (jjyjJLI (^yliUjLJI ?eJa uJl <Jj-=»- A^il .nil ujjLic <>L^>ol £_ "j ' * naJ I 4 j j ^— ' j ' : — ' II 

: 4jjLt-a-U I 2 da aJL>JI <>juk A_ p^*"* - 4 i i nt ,jj^~~ '"j A uaJiie La <U1^ i ii < ^j^— > la ^ i n a <"i1l (j-upJI <?L>ljI 



i = l + 



*3 




CARRIER 
OUTPUT ' 



Input member Ji> jJI 






Held cuAa 


^ jr SJL>JI ^j-upJl 


Output member £>»JI 


2 . '^-—•J^^-™' M ^"J^" " J A ' ^ 



A^ 
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4_u^=^^=JI jjj/j^ILII (J-«L>- ^j^—* ' ^LlILij 



a i^, ,-*-»■ / a 4^. > | I, j 4X. 



•J-"^ 



:1 mil cj ^La£ oL>o1 '2— 2 i i^aa^aJI 



: 4J.3UL.al] I 2 Ja 4_IL>JI aJJt zL. ^yajJli^jl] 4 i i ii \ jij^-^'j .7T^.->Jt J '^•■^ J-4> 

. Output member gjJ*l\ y±£. 




At 
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Input member J^-jJ! 


/— al>JI ^jjj^jJI 


Held cll\<i 






Output member £>»JI 


2 , ,<£—,*<£—, \\ (j-'ju"'! J «'->- 




(j-Lt-Lg ij'"^^**' ' ) icj-tuJ! ^ia-Lfliellj 4_uQj| 4_2jj_LaJI V - J^—' ■". 

Overdrive <£.j_co]| Jj^a - T 

(itj^iJI Jj_$3 ) (jjj^l SJajjlaJI - I 

4-tll .nil (_)jl_ic <>L>ijl ^_ JJ J_JJ J_jL2jl J L^aJLJl jl (Ji>. JlJI J_«JiC J & l£>-^ i *j- a "* J ' ^~~*j ^~~* * o-"j>^' <J- a L > - 
<C\ -nil UJjl_a£. i>L^>ol ^_JjJ_J Sj li uaJI 4_L±^=J^=JI (jj/J^jJI (jl-3 . i - J^-— •"■■ Llllj ^ m<i Mill (jjjpJIj 
l_ak r-j-iJI j_«iiC (jl (Jj-5j (jl » jiali ■ •■ ) ^—ILlILij .4X.I .nil <_ijLJic <jL>ol ^_ ■ al>JI ^jj^jJI 2jI jl (JLc (J-q-tltj 
<Ulj i ii < ^j ^aja 4 j i ^~~*J ^~* 1 1 jjj/j^pJI J-aL*. (Ji- JlJI a uaX <>L>ijl j"^' ^_ JjJJJ (JLiJ jJI j_5JL>JI ^jj^jJI j^k 



:aJj 



1 2 da <UL>JI <?Jui ^_ , < <a < a -*~ 1 1 4nni -'n 1 ^ >J a . <uJLc 



1 



1+* 



z. 



Af 
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Input member J^jj! 


2 , i^-.j^-. tl ^j,,jj^"tl J fll-w. 


Held clllh 






Output member £>»JI 


/- al>JI ^jjj^jjI 




(_)jl_ic <>L>ijl ^_ /- i no i*iit I (jjyjJI j-iJl3 i_3j_ij/ 4 J '^~~'J^~~' II (j-u_a_^J-JI . Cj_iLlII /, al>Jl ^jj^jJI (_)i»-l-i 4.C.1 > nil 
^_ j_a JtJ ^ >jJ I j i ^-^ _a-ik_a /y i " <i ui 1 1 ^jjj_pJ I (j I (J^ila r^>J I a '^*-<* j^k /y i n<i i"i 1 1 ^jjj^jJ I £j I LLifc ^.p.tjj <LC 1 i u 1 1 

.AjJLc <U1^ i n \ ^j^— da ( 4 J i ^~~'J ^~~' 1 1 (j-uJ_p-JI (J^oL*-) (Ji>.jJI J ''-^<~ ijLsol (j-u-flJ 



Ai 
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: aJ jLt-qJU LS-Ja 4_JL>JI <?jui ^_ ^-^j^-V". II 4 i 1 .. < > jj* : ~~ '"j 



Z = 



1 + 







Input member Ji.jJI 


2 , ,<£—,*<£—, \\ (j-ju"'! J al-v. 


Held c.mo 


/g aljKJl (jjj^jJI 


Output ^j^Ji 
member 


(_y ' "0 '"ill ^JJJ^III 




icj_cJI 3.3^ ijJlitll aJLj-LlII o- J^ . 



A» 
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S_LflJL>Jl ic.j_.jiJI - £ 
Jl_i1__J| ^jjjjJI ji (J^JlJI (j-uj-J J-fi> ^jJj_i>-VI (j-1— i-u^UI Jl>-Ij OjLlII jjfc 4_u_=3^_=aJ! ^jj/j_pJI <J-«L>- (j"-^ 3 '-*i 
A_JL>JI olXJt, '£— 4_J2 JljLSJI (jj^ILlI <>L^>JI ^j ■• ^— • g i^_ jjJtJ i_3j_<-uj r-j_i>JI j ■>■<* j_4> i»_uJ1_jJI (jjjjJI ^j ^— > ^ 

4____.j_>J| ^j ui=3 «t i U.^3 Ja-ujjj j ''^<~ ->J^=-« A_L-_=^_=_J I (jj/j_pJI <J-«L>- (jj_=a_l 

(j-u^a (jiajtiio A-tal-w icju_u ) (Jj^il <L2j^laJI ~ l 

4-til ...I! ujjLic <>L^>JI ^_ jjjtjj JljLUJI j i^»tl jj (J^JlJI j iiag j_a> (_ i no Mill (jjjlll jj^~- j <UL>JI o'jj^ £- 

t>\ ■> )l ^_ jj Jl_1 Sj ii ual] * j i ^~~*J ^~~' 1 1 (j-u_a_p_JI ^j_^=Jj .O—iL) 4 j i ^~~*J ^~~' 1 1 ^jj/j_pJI J-aL^j .*\~ J^—* ■"■ 
/_ aL>Jl jjjyj-II aj'-ij lt-^ 1 *jj '* "" ** J '^~~'J^~~'" (j-"_2>^ (J-**2« . l_<kjjL^ta Jia -v. <c\ mil (_ijl_5c (j •■ *==l£l 
i_3j_i-u ^ in<i Mill (jjyjJI J-fkj (Ji«- JlJI J '^<* (jLa aJUkJI ijJLjb £- .4.C.1 inll uJjLic ^;"^-— C <>L>o1 i4- (jrL>-l jJI 
j-lThj I JljJij 4 *— -j *- S I (j ■■^-»« ' jjtj ^j^-< la (,_ al>J| ^jjj^lll ) (Ji>.jJI j-«iiC *-« 4JjLaJ,Li 4-g.j i u < (j ■<^-»<* jjJlJ 

: dJjjLt-gi! 1 2 ■ Ls aJL>JI <> jut £- ^j^***"^ *.' '"'' jj^-—"j • ■ .■■^— ♦tl icj-^oJI 3.3^ <UL>. 



I =—■ 



SUN 

GEAR, 

INPUT 




Input member Ji.jJI 






Held Qjiu 


a . .^j^ II ^j"J^" " J A ' "*- 


Output member £>>JI 


/j fll>J| (J_U^jJl 



A1 
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4_LaL>JI icj_cail Jj^l iajjiaJI 1- J^=-< 



(^raii- icjuji (3_^3 



4_UL 



S. <Cj-uj ) ioJLUI 4_2jj_LaJI - <_! 



^_ JJ Jt3 Sj '» LiaJI 4 j i ^~~*J ^~~' 1 1 (j-uj_p_!l ^j_^=Jj .0_)L) 4 j i ^~~'J ^~~' 1 1 (j-u_a_pJI (J-aLi-j .V - (J^a '"■ 4-g.l .nil 
^- /j l n<l ("ill i ^jmjjl1\ 2jl-}J (jr-1^- "J ' * ' * > I ** j ' ^~"*J ^~* * (J-"_2>^' (J-**^J • L-AjaLsejO (Jj-^>- 4-g.l . nil (_)jL2£. <>L>ij| 
<Lgj_i_uJ JjJ^-l l_3j_m /j ) no ("it I (jjj^jJI J-&J r-j-^JI J La£ (jLa 4_JL>JI <>Jui> ^_ .4g.l i nil (_)jLic (j ■■^— g <>L>ij| 
4g.^ i n tl 3j-^ 4-1 L>- j-lUjlj I JljJij 4 ^— >j *- 1 1 (j " ^— »» ' jJlJ ^j ^aJj (■ al>Jl ^jjj^jJI ) (Ji^jJI a iJag x_a AJjLSiLi 

: 4j.3UL.al] LS-Ja aJL>JI <>Juk ^_ ^a-uL^l!! 4iinl ,jj^~~ '"j ■ 13 ' u^BJUl 



SUN GEAR 
OUTPUT 




AV 
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Input member J^jJ! 


/— al>JI ^jjj^jJI 


Held ct-ila 


2 , i^— ij^-. tl (J-JU"'! J «'->- 


Output member £>»JI 







^ c. 




4_LaL>JI icj_tJLI ijJlUI AJLpaJI V- J^=ui 
j" aj a <>L>iJzl (j-u-flJ La-Jj ^j^" J I p j <^>» ' *_a 4 j ■ ^~~'j ^~~' I 1 ^jjjj_pJI 4 a j la * a ^_ ^JJU ''•*"' l£' J l - J '"' '^] 

/■^JkJIj ,Ji>.jJI <Ulj_i_u I j^ a |_£jL_uJJ aj-ili/Lva <U1j_i_u (_yic (J I -^ *-"' 



(SjuiL-a icjjji ) JjVI iojjiaJI _ I 

aj lx i<aJl <* j • ^~~*j ^~~* 1 1 ^jjjj_pJI Lai . ^ j »>»« ) *_a I Jl^>oI j__5JL>JI ^jj^jJIj /— m-a-ioJl lt _yijjS\ (j2 A - (J^a ui 
x_a (j| jL^tLa ■ al>J| ^jjj^jJIj ,, i u a '"'11 ^j-u^HJI <j2 Sj ii »^ II ^jj/^a^jJI i_1Jj_^jj (j-^J LikjjLsia (J_^>- J_J^ L^- 1 '-^ 

. 1 Q (j I >> t J 



AA 
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CARRIER, 
OUTPUT 



PINIONS DO 
NOT ROTATE 



Input member J^jJI 






Output member jy^JI 


2 . .^-*j^-* tl (j"jn"'M J aI-v. 




SSSSSSS Sj^iUI icj.^ JjVl i^jj-UJI A - o J^-t.t, 



jjjj_p_II (J_j^>- /^jj>.JlJ1jI »^'-^" i •■" z ^ j ' *— ' ia * r — i 1 1 (jj/jj^LJl (jl_2 ^Jaju II I i j i aj» ) * a (j| 



i^=*i^JI 



j_4> (_ 7 _2JL>JI jjj^jJIj La! .«Jlj>.Ij 4_Cj_a-^a L^jL^=j 4_Cj_a^>Jkl lilj-jeTiJj LffcjjL^ta (Jj^>- O'JJ^ J' l? ' " a '"' " 



A* 
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RING GEAR, OUTPUT 



SUN GEAR 




PINIONS DO 
NOT ROTATE 



Sj-iiLII ic.j_._al! Lulill i2jj_l-__l \ - o <J-=---< 



Input member Ji-jJI 






Output member £j-i-ll 


/y^JL^JI ^j-u^IlJl 



(aj-il'Lva 4_£.j__. ) 4l<Jl_til 4--£>-L__tl ~ -r 

jjj/j_p_II J aL_-.j ■ -LL>J| (jjj^j—II <_)2j . ^ * - (J-^ 3 «" J ^ SJ ' •*' *"J«I (J '"** ' O'JJ- 1 L9 ^ J T^~* 

4_C_o-a_>Jk I lilj-^IOj ^jIjjJlJI « jlaj i •■" z 4 j '^~~'J^~~' 11 jj-uJ_pJI i_)-_3 (_>---» ■ II I o j '--♦ ' *-« (j! J-3-__a -j ^j^a II 

.r-j_>JI (j-u^J 343 (^ i no ("it I (jjjpJI Lai .2 J_>-lj icjji^eja l_^l____tj 



RING GEAR 




SUN GEAR, 
OUTPUT 



PINIONS DO NOT 
ROTATE 



2j_iiLJ,l icj_cail -__1L_JI 3-SjjiaJI ) ♦ - J^— iSi 
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Input member J^jJI 


A i ,^—,j^—,\\ ^j.,Jj~U J «l~w. J Sl^tl ^J'^"" 


Output member ^J! 


/■ Ml 3 Ml 11 ^V-UV-iJ 1 



4 ^-»j *- 1 1 <J-J3u ^_ ( _p3jJiJl_l I—Lib /y-aJ V 1 j" .".<al ' ^ j<jj ^JjJIj <L£jl Mill 4 La.u u-dl 4 j ■ ^— < j ^- i ] I ^jj/j^lll <ULj_«3_3ta 

a ^ I", -». * ^^-^--"- ' i. 1 1 ii i Lj-J (jj^~ «£j (jH'3-"' (jr^- U "'^J * La a A J ' ^"~ l J i ~~' 0""JLH"^ 0"" U ""- ' " ' Cr- i£ -3 J ^ = ? ja 
4_uiL>- a7i^ i", «"ij <LlxjLoI '**" S-LioDtj p-*ji r-LL>iJ Laj_Lc ■ u£« ^uj_pJI J^oLl^ ( j J o p^-LlI I J^> (J> o+" » "I j ' -^ **• *J^ 

La Lcj-i (j-*jJ* <Ll!Lc. JU^""*" Jj ' " * "•*" aJJt (jLa 4 lil'iV U ^jj/j_pj| JJuLlI IjJojj 

Ravigneaux >l^Ij ^LLa - 

(jj/jj_pjl jj^a (j" "".I ' " ' Cydc^ASKj3 £ya < '^~~^**'JJ ( H " ) (*^J J^"""* call ' Tciis^jJU _a-i-L2lj pJSUa 
sjljlM Jia-ct-i CllLj 3-^J (jr^Lal (, i u qi"i (J-"^ cA^ - (^""1 (J <a " '"'JL3 ' 1 j ' -"* ' *-« L." 1 "' .' ^~~ 'J a ' A £ ' ^~~* J < ~~^ 
.4 jiil->1l 4_u^=_^=J I lt _yj^yl\ x_a Jj mh a 4jr flJL>. ^_ i hqmi ^jj/^j jj>-Ij 4_uaLa2l 4_la^=_^=JI ^jj/j_pJI x_a ^ mi t aj 
. Jl>-Ij 4jr 5JL>- (_>"^J ^'"J- 1 Liulj 4_LaJL>- 4_loJL>JI 4 j i ^~~'J ^~~* 1 1 (j-uj_pJI x_« 4jjLaILa 4._usLa2l 4_la^=_^=JI lt yu^jjl\ 
\j a-g x_a i _j^sL>- p J -i i -x" i CliTu 4_loJL>JIj 4_usLa 2l 4 j ■ ^~- J ' : ~~' 1 1 ^jj/j^pJI ^j^a J^— > ] 4 j i^aj^a II ^jj/j_pJI (_L«L>. 



^^ 
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<J1=J o'j^ 1 



(Ji.^31 Jj^E. 



JjVI ( -UUUjj l (JJJjll 



AjjSj£jI (_>i:jjajl (J^La. 



^T^^-JI 2^aC 




<>i.-L>iJ J^Lt-a /^JsLLs £—. (jCi-Llj-a 4 j ■ ^~~* J ^~~* ' I (j-uJ^^JJl Lh* L."" ' " ' a O^^^-J-a^ta (j-a »jj^~~ '"'JJ (jfl m a.'" («J9LLa 
(_y_J^tl 4-g.^.a^e-a-U ^ j i ^~~* j ^~~' ' I jj-uj_pJl (J-aL>- ,jj^~~ ' ' (jj i ii o i ii (^JsLLa ^r-_3 ' i J '.; ' (- < n a <"itl (j-u_pJI li-j^" i"i s 

4-Lflii. <C^jjiJ <LujLal dlLc^u «Jl)M-<J (jj^tt^m *uj£s >j" 

Simpson compound epicyclic three speed and reverse gear train power flow 

(j a i no i ii ^JJ-O Jijjuk (J-^2 (^>-a d-a-a-un iy ',^~"J^~" 0""JLH 3 J ' * ' a ''.!'*' 4X.^_i_uj 4_LaL_a| CjLcj_uj Cj^LJ 

4 .i 1 ^— 1 ia ^— 1 1 1 ^jji^pjl ^j-* 3 (j-dc^-ajsta aI Jljt" i n Li 

Jl>-IjJI ijLsoVI (_£J (jiajLaj ( FC) (^^aLai (j-iajLa ,»ljiitL-ul *_a ^ Y - J^-— i^JI £ya Tciislj j_4> 1 a-s=a 
(j^ijpJI icjjj^Jk (AF) rtl-ntl j| Cr i>»|jJI (j-ujlll JJ Ji^jJI -ij-«-C fjja /<uj SjjJitl j-u-u Jai. jL^ (OWC) 
A_Li^=_a^=JI (jji_a_pJI (j'jj-^ '-. ' J ' "J ''- )ui> O^ A^ll i nil u_sjLa£. i>L>ol '£— (jr aLa 2I t — aL>JI (jjjpJI (j'jJ^ .A-usLa^fl 
<jL>ol (j u^3Lg /TJ-^j-^' (j ' " a '"'" cyi)-^' J- 1 ^ 1 1— flajdu IJufcj /— al>Jl (jjj^lll <jL>ol (j-u-flJ ^r 4j-aLa2l \) ' * ' *" * ' 
ijla (^LlILij Output rj^il -i>**J Jirila (FC) ixaLaVI Lu^-aa^aJI ^jjpJI J-aL»- .IcL_JI ^-sjLa£. 
^jjj^lll (J_a^*- 4^=j_>j ^2>a 2 JlJ (Si) /, 1 n <a i"itl ^jjj^lll J-1J3 i_3j 1 11 (Pf) 4_lAL>J| Sj t-» i^aJI 4 j i^Bj^a 11 ^jjij_pJI 

1. 1 1 1 11 j i_3jjjj (Sr) (_ 1 iia ilit I (jjjpit 4x.l 1 ntl ujjLa£. i>L>ol (j "^— • g jjfc ^JJI (j'jj^' ''- )L "'* , (Si) (jmk ilitl 

i>L>J^?l (_£i (_jiajLltl ^IjiieTLmLlJ icLjJI c_)jLa£ i>L>JI IL. (jljjjJLt (Pf) 4_l1L>JI 4_u^-3fr==sJ| (jjij^ltl (jljJJ 

. Ht - 
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(Pr) LtiLkJI Lu^a^aJI (^jpJI j (Crp) LtiLkJI ^u^aa^Jl ^jpll J-aU- c*Aj ci,^ (OWC) jlvI_$JI 
(jr Lc J j » ^» -»- It luil Mill ujjLic i>L>ijl '2— rj^il ^<if j (Ar) ^^-^tl (>y 2L>JI (j-up-tl jjJ^ <_3jj-u ^LlILij 



2GB 
(H + R)C 



A i y\ n ->- i a 4j^ v^o 



(L + R)B 






^jjj^lLI aJLoj^JI LLaJj_iIu a I JlJt" i iiUj ( rC) (^j-aLal ^j-^ lb3 aI JlJt'ii nl *_a ^ T~ J^—' ■"■tl ^j_a Tciilj ^_4> 1 t*~" ■ 

( (_y2L>JI jl ^^IjJI <_>^>UI (J! (J*-jlJI jj-*£. <j-a : ^"Vl^- vjj SjjjUl jL^a lUj. ijLs (2GB) ^^Jlill 

lLsjj ifgJI a I JlJt" i iiL) j-uLltl Jjj^ls q£. TTJ-SJ-U (_j ' " a '"' tl ^jjj^jJI LJJI i rial *_a A-usLa^l ^jj/j_pJI <Lcjj^>J, (Ar 1 ) 

J^j ^UJI <_jjL^ ^UJI ^_ (AF) ^»L»Vl U ~A^\\ ^jjl\ jb Ijla <(2GB) ^iliJI ^^lJ ^l^iil 

r-j-».JijJ O-SjJI (j-u-ij IL.J LfcjjLst/i (J33- (jljjjJLI ( Pf) ixaLaVI »j 1 » • a ! I ^^.'^—J^- 1 ^ <J-"J>^' jt-^-j (jr^ 1 L ^^ 
<lLlLo 4_usLa 2l 4_u^=^=J I ^jj/j^pJI jjL^ta (j 2 .<Ull . nil <_)jLiic ijLsol ^_ (Si) 4 _ r >aLa VI ^nn i"itl ^jjyliJI <J^>- 
r-j^>JI Sj-aX (j| Jl^b-lS i r-j^>JI Sj a g *_a aj_iI/LLa J i -Vi 1 1 J-&J < (^l) <4>-ai-aV I A £ ,i ~~'J^~~' O^-iP^ <J- a L > - P-A 
^j_a (JLc.1 >jj^~" '"' i— Sjj-u I j *^~~ >-lj ^ > ' "tl (j a a -»■ *" i_3j^u ^Lltuj 4-g.l > ntl <_)jLiic <jL>ol ^_ JjJ^i i_3j^u 

• (Jjzl icj-uJI 



2GB 



(L + R)B 






_ hv _ 
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jjJj (_^jJlj r-jJjJLI ^ i »a ("it I (jjjpJI Jl <Ji>.jJI -io-4-C (j-« : ^VL^a /<uj sjJlSJI jLulo it-i^ (jLa ((H+R)c) 

(AF) (jr 2L>JI L yjjil\ 2jljil (^^ J-o-«j i_3j^u ( FC) (^La^l L> ^[21\ jLa JiULij IcL_J| ejjUig. <>L>JI IL. 

(jj/J_pJI <UlJ_C-3tA ^_ 4_l^.jL>Jlj 4_lL>-I jJI j^yj^jlti] £yi (J^= O'JJ^ l -" 1 " 1 l_3j_l_u I Jl4iJ <Ul1 I nil (_)jLic ijLsol ^_ 

i_3j_i_u ( Pi) A-usLoVI 4_lo^=j^=JI ^jj/_a_^lll (j| /<JL*JI x_a c <Lcj_i_aJI ^j ■■ a * la ijLsozl (j-oAj ^t- < 4f- L ^ = 3^ = -^' 

1 t I |_)^^^"*- ' ^ * ( n M 



2GB (L + R)B 




SjJliJl ixj^J! ^ i- o J^ ■-■■ 

(L+R)B) (j a a -> * 1 , 1 (_aL>JI J^alj-ill dajj_ii (jyic j-uLltl *_a ^0~ J^-— i^JI ^_a 7c_iislj j_4> 1 o^— i 
(^Ltll (j-iajLail (Ji^-jJI ^J-aX jj^a : ^^L^s /<uj ajjuitl jLulo LLaJ» (jLs ((H+R)c) ,- Al-Ltl jjiajLSJIj 

J*Lv £jV ^iL^JI vjL^i oUJI 4- jj-^ i^JJIj (Sr) ^Ai^tl ^.ui^-^JI o-jiil J! ((H+R)c) ^UJIj 

( jL+R)Jj) (tia^ie-U I j_aJL>JI j—Loj^JI Jaj^ ifuJI 4 La ■ ul aj Li-iila ,jj^~~ » ' (Ti) ( jr flJL>JI 4_u^=^^=JI ^jj/_a_pJI 
j-jajj LkjjL^ta (J^^- 4X.I i nil (_)jLic <>L>ij| ^j g^3Lg O'JJ^' (jr^ 1 l>\ t ? ja v"^J **.! '^~~'J^~' 0-"J>^' > jj^~'"j 

■icj-LM )4_LaL>JI 4£.j nit I ■ La »j I jukj 4X.I ditl ujjLa£. (jljJJ i>L>ol (Jj^slC 4- JJ^ (-™") (jr^*^' (J-'iP-^ 



.( 



A ,^r,-*- i a 



M 
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(H + R)C 



2GB 



(L + R)B 




4_LaL>JI 4£.j_<_a]l \ 0- J^=ui 

( _ r ^3LjJjjJUjJI A^—fK~ll\ SjU».J - 

(JJ9u (JjL-u Jj-ajj L3-^' <*— iJ-iLJlj (JjL-oJI CjIJla^ jl ^ flJuJeja cJijLIij Li a Al",-»^ CjLaL«j^5j /-^= '.^JJ '- r 

.n- J^=lA jJ^il ^^a-J jjJg^l p^-»~tl ^LliiJ^ji-Vl oUa^aJllj J^ljAtl (jiajljiJI Jl 4i=j^»JI 
r^>JI ^5-<3-C 4^.^ i n l Lt-u OjjJI JaJLis ^_ p ^-— » ■»■" il i A^^-i fft-IaJLa ^j-* 3 ^.l^"""*, _2J Lu 1 1 p ^— »-»". ll 2 Jl>-j (j a * r — i jj a 
ilaJLLa Jjljjj <Ulj_i_a]| 2-iLjj x_a 4jj^=j_ll SjijLLaJI (_£jJiJI jjjLjj J-fljuj (jy ^=i_uLajjj VI 4^=j^>JI <JJ9L) '£- 
cllLu »g (<UJ lIUJljj .(j"L*-« Jl>- jJJ f-dJj' J^9 fft-Ia-U I JaJLLa ,jj^~~ » ' 4-LLt.a <Lcj_i_u (JJ (Jjj-ajJI Jtlcj p la * I , I 
<L^=_^>JI (J-Su ^_ (_Lti )""itl 4_JUjl3 <Lflllie 1 1 ^jj/j_pJI (Jji i*ii" (JLc ^p|3 lt-^'J ^J^"* 11 a-flJI Jj-ajj (_Lu^2 
(jj/jj_pj| ^j^*« ' Ct-LiLLl ■ ^-— » J 1 aj J--ufe (JjJLiliJ (J^al^ill 4_Lsj_ilul_a ^j a ) I a 2 J I ^j-" c)^ 3 (J ~* '"'" M (*-^ Lt^^tP -3"*3 

./_^=LjjLaajain 



*» 
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Enaine 



(_^UJ^)OJl ACjJrt - ^ rt 



(_^j^)OJl 4-Cjjrt^ rt 




J jlajl ■ ui * 



- I* ' -'atinn nrp* - 



(jjjjpJI icjjjjajo Jjt i"i" ^_ rt^-r^lL? (J^alj-oJIj (jAjlj^JI J I ^j 1 ^— mIjjJl-iJI i Vit iMI (Jjj-ajj 

ojjJu <l^=j^>JI (J^lJj (*3-*^' cJ^^ 6 ^ 5 *'j-^' ^L>rP ~~ 

W~ 0<f W.~ J^auiJI jiaJl .cJsjJtl l_3jJ9jJI dUji^aj JljLsJL 1 <_dJ9jl!lj ^>>J>il e-iLui]l f-Liisjl 



•£ 



VI- o. 



*n 



tfSjuUpjVlJSjjeJIjSlJ 
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\ IN 1 \l 






P R N D LL 



J 



i i _^u 



P R N 



)LC ,\ i gJl jj-«j *-« J)j Mitltl 1 <^f I \ V - J^—' . 










' aj * U ' Jpl i ntlj ' L^aljJI (j-U dlLlj i ntl jj-«J *-« Jjj JuJtlll 1 ts*r <_j ^ V - J^-» ui 




(SJiLlIII 4JbtC ) j^-Lm^=>jjJI 4- c3f^*^' * L<a£ ? ^~ ° J^"" -■ 



\y 







3jJl1^j tiij^Jll <>j ^^^-uL^-us Jl l^sjI ^1 tiJLuk jj^j V <^p- («— sL-SjVI) jlty.'.VI «_iisj (P) - 

/- i u-Ll i>JI Jl_a-«-*JI 4^=jj>- *_L<U <t^=j^>JI iSLcl (<UJJ A-^ajJjjJia-JI (_>iaJ I jJit I J ^j-*-^ (J^^ 6 - (JM^>- (j-uJ_pJI 

4^=>J_>JI {j£. LaLjJ SjL ( ntl lJlSjJ 4_!L>. ^_ 21 <?jLll>.| jj^iJ V ?- L * 2 '3 ' J-Aj /g Al-Ltl gSj Mit'ltlj ( rv ) ~ 

^j^-— q *j .i^=j^>JI JJiJ Sj_£».i (^Lij tiJj^>m tj-u a^=jj»U <_LiJ (_gl cjJlj>o V ••^i- 3 *- ^Lp^il f-<-^j ( N ) _ 

.L^JjLiJa jj-*J I jl (_ r -a- i ii" jl ojm i ntl J^>J (jl X-iisjJI I Job ^_ ajL mil 
4-ujLjI JJ-b^JI I Jub IL. CjLcj-t^JI £-X4-=- .LusLaVI AjJiLjJI Ic.j_<_a]l ( D ) ~ 

(jLa x-tijJI ljub IL. I uajJI ^-tij JlI^. 4 La . -j" 1 1 cj I j jL^tll, I j cjLiijjJ,l '£— j iintl icj-i-u (2 or S ) - 

L$J ^jjJI CjIjLll.o]I IL. dlljj Sj]Ij]| kcj <ntl *U <LuI!lJI 4-g.j <ntl (_^3LJ (<U VoJ <_Ll*J <jill (jr^ (JjVI icj_,jj| 

.4_usLal CjLc^_uj f-Jjl 

ajL>JI CjIjJlj*_UIj CjLtijj U I|_j nntl ^^ J^ " J J LaiLa j^»- jt Cj I j Ji^e-Lal] JjVI 4-g-j <ntl ( 1 01" L ) - 

(J^=laJJ (jr^-' l ' t ^- 1 <LuLi]l 4-g.^ ( ntl (_ylc. (J J ' <a "- 1 1 (J^=lxj_ij .(Jj)j_Ltl jl S ajt-naJ I s-LjILt ' - ' JJ S I , I j->- Jtl£.J 

Jtlc .4-Ll2j (JLa^-i jj>. Jtlcj CjljjL^e_U,l iL. (Jj)j_Ltl «.l_<j| fljlj intl A^-J-"-" -- J^-— i4- ijjuijjl "'-^ (jr^ 1 -^ q*f VI 

(jy JLAij IL. Lj^= 4_uliiJI A^lj i ntl /<U Vji JjJJU (_pJI (jr 4> JjVI A^lj intl (jL^ X-iisjJI I job IL. I i^aJtJI f-tij 

.ixaLal CjLcj.^ «_ijf L^J ( JJtl\ CjIjLu^JI '2- dltjij (S, D) 
A j ^-» jj I n j~J* I CjLi^ i ntl ^jj^LLLgi A_ i_3jjlj La J-&J 4_uL%^]l 4 < ii c. jJLi ^3L>JI ^ i njI^LUtJLl aI o LtaJI Lai 
,Ji«.lj JaSaJI Snif j Jiiml IL. Sj>_a^ava 4j-aL>. 4jlsIj SU,..Ij^i J.a_tj 4Jl (Kick-d0Wn)jjb (_>^5L>. ^^0-l.u.cj 
tfjiik (jyic LLaJu aJ 4_uLjtAtl JijSjJI 4 i gg ^ (jL2 (1J) ^-i-^J ^4- J ! ' "H *!-"' SjLjj-u jjL>J -i|^J LaJtltS .SjL i ntl 
(Jjt iia (Jl"^ 1 ! (jr^ 1 I i' "j^LLt-a (J-iyt-ib "^.'J j^~*^.' 3j ' * "^^ (J*»lj <3 ' "J^LulII a.\ a L<aJI -}j[^J (jr^' AjlsIjJI 

.jjUtitl ijuL^aualj (»j-*-JI 2jLjJ Ljli^ (_pJI icj-cJI J jJt M.ij Mius AiLtLiitl duL^= (jl LlIL>JI a^.j mtl 




AJaLLiJI U" 0,3^=^ 



HA 







t p La}U A^j^ia SjLj_cJ! oj^=3 Laj^ LLkll) "R" £±j}\ J\ jLuiVI L^ La}LU udj^J V - 1 

J^a d-o* « i^=>^ aJI^ ^ SjLj-^b jLtaiVI) "P" £_^jJl ^ jLl^I 1 ,*r Ua}LUI OJj^>J V - Y 

"N" jl "P" £_^j J! jLuiVI L^ ^Jj^ <jJb ^Jj^ilj L£>a jUiiVI ^j 2_ SjL^JI lJsL2j)/ - £ 

fljL-mJl IJljJ i_3j_ij/ "N" jl "P" (_3>L>0 *-«isj 4- jLlvVI 1 '^<* duL^= lil jlty.WI J^slj^ ^\£. (jjiCjIj 

4_LaL>JI <Lc.j_i_a]| (j2 dJJjj ( SjL i ntl i a ^^— > a Jjt mi" JlJ£. Oe-iislj jij ^— ■" flj-fl>l IaJI oJlA) * <L^=j^>JI (^ 

* 4_LaL>JI <U1j i ntl *_3j jLg-»- <Ja i "Ij; 4jjL«JI <LLaL>JI Zcj i ntl (j-C 4juijj_a jj^~- " (-djjx-a-Lt 

Ojj-it 4_uUlaJ J,j,r ("at I /U«<>> 
Jl>-Gj (^y^a-ijl ajJj^fl i^=j^>JI JJslJ ,Ji«-JL^ IL. 4jj!u3j ^^LJI f-jill <j-a S-iLc 4-a JlJcILi^J, I Oj}JI iidi^a 
•LcjjzjxjH OjJjj OjjJL) (»j-*-II (Jj^ 6 - ^ L *J (jr^l lt-^J ^ * - ^ (J^au2ul >laJI f'j-*^' (Jj- =e - a (j- 8 j"'^~'J > 
Jj-ajj (J »^3 ) ^j>. ilj^tl jjt i"i"t ^j^i LLaJLJaJl IjlA ^^Ijijj^fl (J-iJi )""itl LLaJLis Jji^Ij 4_la^=j^=JI ^jj/jpJI 
(_}illl >. 1 1 all I 2 lLs ^— il SJoJl j—uATlII /<uj dJJjLij ( jJLa^aJI aIj^>JI ) AJLa^aJI AJaj^Iul (Jji i"ilj ( ^j>. ilj^tl 
p j , ,V, 1 1 ( _ i , „~t. tiJJjj jj>- V pjj (j^o (J^olj^JI 4Jaj_iIulj ^j>. ilj^tl J JlC i_aJLii>Oj ajQseJLl 

jjiajljiJIj JjoI^AJI iLsj^il 

^jjjjpJI 4_Cjji^a «.lj_>-l Cl-liTij ^_ (j'^-aJ^''" ' "U ^J-^ " 2Jlj (J-alj^JI ^j_a J ^— > 4 Laj i ■■ ) a j j i ^ ) Tciisjj J^— i <"itl 
(j-^Ia ^2>C Li^aLjjLajjjl (j^LaJLJ ^j>» <l ^tlj Jjolj^JI £ys yi£=3 (j| . U>-s.\l »j . 5-iaJLLaJLI ic.j_tjj| i ~ 1 1 j i aj 2 a (. r i n^>. 

.OjjJI JaJLiiaJ j^Jl p^— ■*- ■ ALku 



H 
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jLajJjVI ^^— j— tl Jjslj Jgf 4-2i>k 







■ Modulating pressure 



iLpJI ^bj \ \- o J^=u 
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( D ) ;u*UVl JjVl ^>^J! 

( D ) *_iisjJI JJj.uATi.il Jj (Jjj-la i^C (^jJoJI al o uaJI tiJj^so JtltS ( Y * - ) <£j J^— ifollj (j^° J-* I -l^- 1 
«LoLsf Jl^ej^ ( D ) 4ja-"<itl (j-a OjjJI *^Jiii3 ( D )odiII i ajg^3-i£ Jiiml JJ 4j J i aj 1. 1 ^„j^— tl udj^eTu 
-^ < n<i Mill (jjjpJI JLc j3|_l3 aJLojjIJI ilajj_ii JJ dJjj^Tu^ I alii a (1"2) <L>-lj2l jt j-i-Ltl!l aLj-us £_ (j .. .^— 1 1 
r-j^>JI 'ji'' ^2 (j-Lt-o aJL>JI tfjub ^_ 4Jj^=jJLI SjijLLaJI sjJjJI /<Ua-La (j| /<JL*JI x_a MZLuTu JLc- (J-*-*^ (jr 1 ^' 
^j^. I J i) ^— > N I -i ^— > Clllj (^LiUl ^ i n <i i"i 1 1 (jj^TuI .2 Ji-uLa j-££- »J^>- (_>JaJ I j-^J I (.J^ 3 OJ^ 1 AJiusJI tfjufc J*^* 
^iaj I^SJ I ) ^_pa-l I ft^J I d-tl a-q-^e-a /<> i n->> J J a}-*-J ' (J^^ 6 ^ 5 (j-" • ^ ^~* ) "*-' I J 1 < n a ,jj^~~ '^ a <*JLa >AI I ilajj_ilu JjjjJa 
^jjj^lll (jl LjJJ j^ljiIbVI ^ i no i"itl ^jjj^lll /<U »j^>JI 4-Ue-tJI /<U ( 2jj>- 4IlILlIIj 4_uLlII <Ulj_<_a]L) <U^sL>JI 




" Modulating pressure 



( D ) LlsL&I JjVl ^ij^JI Y • - o J^=u 



) . ^ 
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( D ) ^cUV! LjiliJ! ^j^J! 

Aj^jjf '2— -il-SJJ (JitiicjJI jLi 2 ,^—,j\\ kcj-uu 2-iLjj Ju£. ( Y^ - ) plj J^— iSJL (j-L^a jjfc La^=> 
N J 0^* O'JJ-^ ^ L -' £ - ' '^"' -i^j i rutl 4 J*^-" (j-a (1-2) 4_».|J2l aVa-uz ^r (J^tlsejJI LLaJLia ^3|jj i-l!j_x-aJLJ (. <-r i aJI 
(JjjJs ^j^l r-j^>JI ^ ax (j-* 3 A~^— >j -- Jl>-I_i 4Jl <^^>- (J-a-*JI 4r *i)^R>^' * S J SaJiJl pfc<* « IJu_i r-j^>JI 

SjLjjJ 4^e_uJ <UJ^=jJJ SjijLlaJI SjJjJI p la-La ^_ S.ia^>.jJU (JLdJ^I Tj ^*" ,a ' J^~* '"'" (j-* T^-^J^ J-^ 1 1 ^~~' (_>".>■* 
4^>JI jj^a (1-2) <L>-lj2l jl j_uJl1II a1_4-u3 ^I! ((Jjuta JaJLLa ) pla-LU (j^a r-jjj^JI £_ OjjJI T Jlaj^j <U1j i nil 



i Jjl\ iaJjVI -i^LJI ilaJLLa Jo-is Q".'^— U tiJj^eJ^ (1~2) <L>-ljVI >La-i^ IL. .ia^jil ^..j^—tl -> U , ,. ^ic 1^2j 
(^yic j3|J i^j-ll <-^jjM JaJLLa 7T^>>- Otla (j£. ' d-Jo^aU 1 _ / ^^~- "' <L>-lj2l -aLa-t^a £_ (j "J^-— II ^ J^— j ielj i u 
(Jj^ta ^j-^ ^ = J^ >1 -'' (_)^ajL5JI Jj-is^j^ Y*~ J^— » ■"■" ' Tciisj^a jjb I i^-~* <LuLlJI <Ulj_<_aJI ^jiajljJS (j^jL^a-a 



Lak /— al>JI (_^upJI .((^J-iliiJI 



_£JI 



^jjj^lll (JLc. '^H-* 3 (Jlj-i V 4jLaj_ii]| Jajj_ilu) /— al>Jl ^jjj^lll Jl ^j-*-!' 



^jjj^jJI (J3^>- ?T>^eJJ i_3aj-u_J ■ aJ *-'' f^yuj^u\ Jjj^-La ^jX. JjJ-J i_3aj-u 4 J ■ ^~ l j <——• 1 1 (jj;j£_pjl . J_lL2JI ^jjj^jJI ^jjk 






-ill 



j>L»j«JLa 




' Modulating pressure 



( D ) i^uVi Ajiiiii i^^m - o j^ ,t, 



^ .t 
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( D ) Sj^iU! i^uVl SiJlill J^j^H 

>ftJa-La ^_ aJ^s-jJU (JLSj^I r-j-flij r-j^>JI -Sj-«-C <Lcj_uj a^Ljj Jl-OI ( YY ~ ) f^J J^~* ' ' ? l: - < ^ 5 J- a 3^ < ^' : ~~' 
(_£J-3I ^a^All JaJ) igJl ) (oJa-UI (j-a OJJ-JI TTSV*" 4_a^l2 jljjjj (_)^2 (_£J ^j^a j '^-»| <uj^=j_tl OjLLaJI SjJiJI 

Jl^s ^j..j^-.tl LdjjeToa ( 2 - 3 ) aI o uaJI ^,1*1 Jjjj3 j"'^"" 1 ^ 4j)^=jJ,I a \jlt-tl J^2J| <oJala i La ♦ i >> jl^j^ 
LLaJLca TJij^- irtla I a-fatt^aJ (jr o^=iJ <L>.lj^/l aL«-i^ <4- q ".'^— U ^^~-j selj ■ u ^^oJI <L>-lj2l -i^LJI LLaJt-La 
J_J i—lu-Z Mill l _yijlA\ ^J\ <L^=j^>JI ( _jiajLaJI (Jj^a^ia aIlJLjJI <Ulj i nil ( _pij|jJ9 ^ ujl^a a (jr^ 1 J-*Ji 15^' <— *d>^ 
(_yLl ^3|-i mJJlJI O-JJ-JI LJaJLLa TjJx-iS (1-2) a\ a-uaJl ^j •■j^~~* " lt^- >3Vj (^ * ■ I JaJt-La (jL3 OJ9_oJI (j-u-fl-l 
(J-a-tj /, i n<i i"itl ^jj^jJIj . Sl-^-tl ^jjj^jJLi <U^sL>JI (_pajljJi]l (jLS ^Llluj ■ £l>JI ^jj^jJI ^j>» <Ij3 ^j^jL^aua 
OJSjJI (j_aAj ^_ ■ 2 1 *- 1 1 j /- i rig i"itl ^jjj_pj| ^j^a (J^= J] j^j-*-!' (Jj^ 6 - (j-* 3 Lr^'- 1 '^ = J^ >1 ^' J' ' " a D" Ly^^ .J 
^a-»g Jl 4 j i ^~~*J ^~~' 1 1 (j-uJpJI (J^aL>- J] 4_^=j^>JI J LaJj 2Jl>-Ij «Jl>-^^= L^I^b 4\c_aj^>Jkl 7c ■ ' - J1 " ^LlILlj 




Restrictor valve 



Manual Modulating pressure Centrifugal governor 

selector valve 



-Shift 
valves 
Regulating pressure 



( D ) 2j^iUI <u*uVl SiJlill icj^JI YY- o j^-,,t, 



> .r 







^jj/j_pJI jjjjili^ ^_ p ^— i sej 1 1 jjTjJL? '^"* ch" *^i Juso -ijJ9jJI ■ s \y j" ' •■' (_>ia-uL>ij d)l JLLalLa (Jl j lalll ) 

£_ k~X'A\ ( JjJLSjJ ciUjij i _j^3ljJ»JI 4 _ y Ij!e_La (JjjLujI (_ylc ^C,js>-\ ^J\ 'ic-j mil ^j^a (J-2-Lll >jj^~" 4" o^""*.! ajjaVI 

i_ib_aj_Lb ^j^ 1 c ^ J 'j'-^"l /'-'-■a-^'-' (J-"J>^' (jjJ-IjLa ^_ j-Jj^p^aJ^I p<^-»-»-"n 4 La i u| aj LlUj pJL) (j| ^j^— » i *J (J-d-ill 

.: Ljlj-a «JlC (^yic J J i^a^ell <_lUj i^-ilj (jyJii-U icj-t^J I j-oJlJ 4JaJiJ JjJl^cII ajlj mil 4^=j_»-j i_*Jj^>J,1 Jjt mi" 

<Lcj i nil j-uAj ^aj-*-! • ^ 

(sjJl9 ) s-l-il py_aljj_)j ^ m ,^."al -ij^aljj_u J^a, > I uaj| -Sj)j-> . Y 

^ \1 .^."aVI «_aljj_i (jr Lc Jj^SjJI i *t\l j" . ..I ^j^a /O ^j-« ujjLSj Loj_i3jj .Y 

(^yLajl i nil r 1 Laa»| ^j^a 4^=j^>JI (JJLi 2j^>-l 4jL«j>. . £ 

(^j-L^j ( i nil dLul 4 Jii|->tl <U1^ i nil J) j '"'+" 9 1 *_jjL*Jl ClLl^ i nil Jtl£. ■ i ..^-.»tl Jjiill *_L4J ^jLaVI 2jjl-i .0 

■ P-lLJI *l j| £>£. j-="-JI AJL>- <4- 

(JjsejlI I 4^j_ujJ i_l!^>J, I 4^j_uj ^jjj 1 i n~>- . 1 

*l^jjl < lljin s\ ^j-ul i n~>- .Y 

JjjL>JI ^j-ul i n~>- .Y 

4-g.^ i n 1 1 ^j_oJu I ' " f ^-i-^J (j-u 1 i n~>- . £ 



^L^ill A^a^elll *l>>4 

JaJI liaJ I p la * a . I 

**.! ' "- * * n JJ 3 ^~~* < ~- 1 L*- 1 -^ ■ Y 

_^=L-daji U n p ^— i ■»■" 1 1 2Jl>-j .Y 



> . t 
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CJU^^=lII iJjub TCliiJJ YY - ^ J^~~ » U»J 



w 


p J 

R 
N 

3 
2 

iU 




3-2-1 



^£. 



■ 
(gr- 



it- 




9 
10 
11 



"(^"^Nl p<^-,-»-~tl ^\ <-ll^J ,„tl 


Jjj, 1 ;,^ <~il ij' i — • « YY- J'^" -1 '"' 




' !•">• is*\\ ^ Un < « 


3e 


2 i >jj^~ ' rl -< * V 1 ^ ' : -- , "*-" > 1 * ■ * ^j 


1 


«L»ja vjJI a! <i Lt3 


4 


4-g.J lull j^gJ-LLO p^~~ » >« ' 


la 


(Kick-down) ^ Uu> 


5 


^jP^aJVI (>i>JI £$i 


lb 


tij>jJLI <LC^_l_u ^j-ul ) n~>- 


6 


j-c-iATl? 1 JlJ 


2 


f 1 aJl 4_LA=3 /)-"' ) n~*- 


7 


4^. v i nil Jja_LLuo 


3 


JjjL>JI a! q Lt3 


8 


CjLlj mtl 


3a 


sj^l-i £_ <LuL)j^^= r 1 la > V 4-LLLa <Li, 


9 


CjLlj mil 


3b 


JLl&VI 


10 


4_loL>JI 4-g.^ lull ■ i njlal ** a aLj-uo 


3c 


ijj^" *^-i t V 1 £j 5 "»■ ' 1 


11 




3d 






5jl J2f 1 Jj of <Ulj_i_u ^j-ul ) n~>- 


3f 



\ .0 







( JjjL>JI aVjsjus^ f.\fy}\ < sLu_uj| ^yA I tl~*. ) lL1j^*\\ (J^fc-J A£.j^lu1\ JjjJli^iS {jjH ^£.j I ntl sjLful >xl»J9 

I '^-<* X-l*3J oj\-lu\ X_a ( <Lc j_<jJ I j_<ju ) <lcj_i_a]| JJL) ^_ p^~~ LSellll 4 j i rmjJI ClL-ul i u->JI j^jfc li]j_>Jkl <Ulj_i_uJ 
p^~~ LSellll jjjjii^is /J! CjljLi^fl oJl^i (_£Jl*j <^^>- (*>*-^ (j-*-i2l **-£■ > ' " " (jAdJI 7-l"iia <_iUJl^=j ic. j_caJ I j_oJu 

.L-djLlij (j n<> 1 Jjjj- ' ''-""I ' JlA (»J-2-l "-i-^^ ^'Jj ^~~' CjljLful oj^us 2— j^^l^j^aJVI 

4X.^_<jJ1 J_J_UU iU«'i ^_ A^a5CjJI ~ \ 

pjj^j <u^_ib^>. a j j i y> ) i_l!j^>J,l (J^^-j Sjm i ntl 4^j_i_u /ylc. J-aTi-t.a Lt^a-Ul aajal pJL) 4_u_ul_m 4-g.j i nil jLll>.I 
Ty-alJjjJI jj 11 - 1 jLll>-^(I J^jI i ntl «_LLaILcuJj ^jj/j_pJI jjjjijj^ ^_ 4_».LLa CjLcj_ijj f-Jjl (^-a 4^1^ i gJI <>Jlj4> jLll>-I 
7-tlfl.a jLll>-I 4Ja ■ ul aj (JVL) p-t^J (_£jJl-lII «_alJ^_<JI jl (o) f-i-ij s-l-i^l 5y_aljj_) jl (Ji) f-i-ij ijT \1 iVr^VI 
j_uJlLII (<UJJ .ajn i ntl <Lcj_i_uj Lilj^sJkl iJL>. i. i i uLlL? <Lc.j_<_a]l j_uJu plu jLltcU :*_aLJ>_<JI (_ylc *L<->J w^aljjjjl 
J^aJ-Lio ^j-* 3 A_4_aLjj j^~~* ajLil 4_La-t-ul aj ^x^ ■ uolal *♦ a9j J^~~' (J^*'-* jLa (J J* '■" l " 4 la i ul aj i_£j^>-l JJ ^£.j-uj £ya 

■p^-.^l 

p^---»-"M JaJLia (JjJl*j - Y 

(jj^LLLgi ^_ j_iu_ujJI JaJi iiaj| (JjJuu ^j^— » i I ^-jL^J p^— ■*- ■ 2Jl>-_^= ■ ^- '^J)J '^^JjJ j' : ~~' *' p ' ' ** ' 'J.' 
^Ja-Ul Ijak ^_ p^~~ ■ SeHJI pJJJ ^^^IjJsVI SjJulLII ^j>. ilj^tl jji i""< ^_ p ^— i -»■" 1 1 , U« .>.tl . < I ] . 1 £— - ia ^jj/j^pJI 

. <?JuI> LLaJLuaJI JjJutJ 4_J »g (_7-^- U-^' ^-a^*JJ J^^kJI SjLil 4 La ■ ul aj 
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